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PRELIMINARY AMENDMENT 



Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Applicant files this Preliminary Amendment concurrently with the attached 
transmittal for an Application entering the national stage in the United States under 37 
CFR §1.495. Prior to examination, please amend the application as follows: 

In the Specification: 

Please insert the heading -Background of the Invention— after the title. 

Please insert the heading -Field of the Invention- immediately following the 
newly inserted "Background of the Invention" heading. 

Please insert the heading -Related Art- immediately following the first 
paragraph, on page 1 . 

Please insert the heading —Summary of the Invention- on page 2, line 6. 

Please delete the paragraph beginning on page 2, line 7 and ending on page 2, 



Please delete the paragraph on page 2, lines 10- 19, and insert the following 
paragraph therefor: 



line 8. 
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Accordingly, a preferred aspect of the present invention relates to a process for 
the preparation of a polymeric network, in which 

(i) one or more polymers are made available which can be crosslinked 
with one another intramolecularly or intermolecularly or intra- and intermolecularly 
by covalent or non-covalent bonding, 

(ii) the conformation of at least one of the polymers is adapted to at least 
one template compound with obtainment of at least one preferred conformation of the 
at least one polymer and 

(iii) at least one of the preferred conformations obtained according to (ii) is 
fixed by crosslinkage. 

Please insert the heading -Detailed Description of the Preferred Embodiments 
— on page 2, line 20. 

Please delete the paragraph on page 2, lines 36-37, and insert the following 
paragraph therefor: 

In the process according to a preferred aspect of the invention, the 
concentration of the template compound employed in solution or suspension is 
basically freely selectable. 

Please delete the paragraph on page 4, lines 13-24, and insert the following 
paragraph therefor: 

Furthermore, a preferred aspect of the present invention also includes 
embodiments in which the adaptation of the conformation is carried out such that, in 
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the absence of the at least one template compound, polymeric structures are 
synthesized by inter- or intramolecular crosslinking whose conformations are adapted 
to the at least one template compound by specific selection of the at least one polymer 
and/or of the at least one crosslinking reagent employed. In this case it is possible, for 
example, that the steps (ii) and (iii), as mentioned above, can be carried out in one 
step. In the case of crosslinkage in the absence of the at least one template compound, 
however, it is also possible that polymeric structures are synthesized which are 
roughly adapted to the at least one template compound, where a more accurate 
adaptation can be carried out by further crosslinking steps in the presence or absence 
of the at least one template compound. 

Please delete the paragraph on page 4, lines 26-28, and insert the following 
paragraph therefor: 

Accordingly, all polymers which can be crosslinked intra- and/or 
intermolecularly and which can interact per se or after crosslinking with the at least 
one template compound can be employed in the process according to a preferred 
aspect of the invention. 

Please delete the paragraph on page 5, lines 25-29, and insert the following 
paragraph therefor: 

The term "functional group", as is used in the context of a preferred aspect of 
the present invention, accordingly includes all chemical structures via which covalent 
and/or non-covalent interactions can take place. In particular, hydrocarbon chains and 
further structural units via which Van der Waals interactions can be formed also come 
under the term of functional group. 
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Please delete the paragraph on page 6, lines 13-14, and insert the following 
paragraph therefor: 

Accordingly, in the process according to a preferred aspect of the invention 
generally both derivatized and non-derivatized polymers can be employed. 

Please delete the paragraph on page 6, lines 24-33, and insert the following 
paragraph therefor: 

In the process according to a preferred aspect of the invention it is possible, 
inter alia, to "designate" the receptor-template interaction using made-to-measure 
receptor groups by derivatization of at least one polymer which is employed in the 
process in derivatized form. In the context of a preferred aspect of the present 
invention, the degree of derivatization can be influenced here such that the best 
possible interaction with the template is achieved. It is likewise possible to designate 
the adaptation of the conformation of the at least one polymer in the absence of the at 
least one template compound by specifically introducing certain crosslinking 
possibilities or interaction possibilities into the polymer, for example by means of the 
functional groups introduced by derivatization. 

Please delete the paragraph beginning on page 6, line 35 and ending on page 7, 
line 2, and insert the following paragraph therefor: 

If one or more polymers are first derivatized in the process according to a 
preferred aspect of the invention and then employed in the process according to a 
preferred aspect of the invention, the derivatization can take place according to all 
suitable processes, for example processes known from the prior art. 
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Please delete the paragraph on page 7, lines 24-28, and insert the following 
paragraph therefor: 

In a preferred embodiment, in the process according to a preferred aspect of 
the invention (i) a derivatized polymer can be made available which is prepared by 
reacting a polymer having at least one functional group with at least one activating 
reagent or a derivative of an activating reagent, where this reaction can take place 
homogeneously or heterogeneously, preferably homogeneously. 

Please delete the paragraph on page 7, lines 35-37, and insert the following 
paragraph therefor: 

Accordingly, a preferred aspect of the present invention also describes a 
process in which the reaction product from the polymer having at least one functional 
group and the activating reagent is reacted with a derivatizing reagent. 

Please delete the paragraph on page 8, lines 2-5, and insert the following 
paragraph therefor: 

In the context of this embodiment of the process according to a preferred 
aspect of the invention, the polymer having at least one functional group can be 
reacted simultaneously, i.e. in the sense of a "one-pot reaction" with at least one 
activated and/or at least one non-activated derivatizing reagent and/or an activating 
reagent. 

Please delete the paragraph on page 8, lines 11-21, and insert the following 
paragraph therefor: 
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If a polymer was reacted here with different activating reagents, these 
activated functional groups can have different reactivity to one or more derivatizing 
reagents. Accordingly, it is possible in the context of the process according to a 
preffered aspect of the invention to derivatize functional groups selectively in this 
manner. The term "selective" in this connection means that a polymer which has, for 
example, two or more functional groups which are different from one another is 
reacted with, for example, two different activating reagents such that a subsequent 
reaction with a derivatizing reagent for derivatization takes place mainly to 
exclusively on the activated functional group(s) which is or are activated with one of 
these two activating reagents, as a rule on the functional group(s) more reactively 
activated with respect to the derivatizing reagent. 

Please delete the paragraph on page 8, lines 23-26, and insert the following 
paragraph therefor: 

In the process according to a preferred aspect of the invention, it is 
furthermore possible to react the activating reagent before the reaction with the 
polymer having at least one functional group in order then to react this reaction 
product with the polymer having at least one functional group. 

Please delete the paragraph on page 8, lines 28-30, and insert the following 
paragraph therefor: 

A preferred aspect of the present invention therefore also describes a process, 
as described above, in which the derivative of the activating reagent is obtained by 
prior reaction of the activating reagent with a derivatizing reagent. 
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Please delete the paragraph on page 9, lines 9-12, and insert the following 
paragraph therefor: 

Accordingly, a preferred aspect of the present invention also describes a 
process as described above, in which the polymer having at least one functional group 
is reacted with at least two different derivatives of an activating reagent and the 
reactions are carried out successively with one derivative in each case. 

Please delete the paragraph on page 9, lines 24-32, and insert the following 
paragraph therefor: 

In particular, a preferred aspect of the present invention describes a process in 
which the activating reagent is derived from a compound of the following structure 
(I): 




(I) 



where and R 2 are identical or different and can be straight-chain, branched- 
chain or bridged to give a carbocycle or a heterocycle and are selected such that the 
activating reagent or the derivative of the activating reagent can be reacted in 
homogeneous phase with the polymer having at least one functional group. 

Please delete the paragraph on page 10, lines 4-14, and insert the following 
paragraph therefor: 
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In a preferred embodiment, a preferred aspect of the present invention 
describes a process in which the activating reagent is derived from a compound of the 
following structure (F) 




where R 3 to R 10 can be identical or different and can be hydrogen, straight- 
chain or branched-chain alkyl, aryl, cycloalkyl, heterocyclic and aralkyl radicals 
having up to 30 C atoms, or else two or more of R 3 to R 10 can in turn be bridged to 
give a carbocycle or heterocycle and are selected such that the activating reagent or 
the derivative of the activating reagent can be reacted in homogeneous phase with the 
polymer having at least one functional group. 

Please delete the paragraph on page 10, lines 15-20, and insert the following 
paragraph therefor: 

A preferred aspect of the present invention further describes a process in 
which the activating reagent has the following structure (II) 




(II) 



where R 3 to R 10 are as defined above. 
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Please delete the paragraph on page 10, lines 22-24, and insert the following 
paragraph therefor: 

In a likewise preferred embodiment, a preferred aspect of the present invention 
describes a process in which the activating reagent is derived from a compound of the 
structure (II), as indicated above, where R 3 to R 10 is in each case hydrogen. 

Please delete the paragraph on page 13, lines 16-25, and insert the following 
paragraph therefor: 

A further possibility is to react the activated polymer with a mono- or 
polyhydric alcohol or thiol containing an amino group in the process according to a 
preferred aspect of the invention. If the polymer comprising at least one functional 
group is activated, for example, with ONB-C1, the mono- or polyhydric alcohol 
containing the amino group or the mono- or polyhydric thiol containing the amino 
group reacts selectively with the amino group. The OH or SH groups thus introduced 
into the polymer can then be activated again in a further step with, for example, one of 
the activating reagents described above, whereby chain extensions and branchings are 
facilitated, depending on the functionality of the alcohols or thiols originally 
employed. 

Please delete the paragraph on page 13, lines 27-30, and insert the following 
paragraph therefor: 

In another embodiment of the process according to a preferred aspect of the 
invention already described above, the polymer having at least one functional group is 
reacted with an activated derivatizing reagent, the latter being obtained from the 
reaction of an activating reagent with the derivatizing reagent. 
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Please delete the paragraph on page 13, lines 32-36, and insert the following 
paragraph therefor: 

In the process according to a preferred aspect of the invention, activated 
derivatives of amines, alcohols, thiols, carboxylic acids, sulphonic acids, sulphates, 
phosphates or phosphonic acids are preferably reacted with the polymer having at 
least one functional group, where, in turn in a preferred embodiment, the compounds 
are activated with ONB-C1. 

Please delete the paragraph on page 16, lines 1-3, and insert the following 
paragraph therefor: 

In the context of a preferred aspect of the present invention, such polyhydric 
derivatizing reagents can selectively be partially or completely activated using an 
activating reagent and reacted with the polymer having at least one functional group. 

Please delete the paragraph on page 16, lines 5-9, and insert the following 
paragraph therefor: 

The reaction of the polymer having at least one functional group with an 
activated, polyhydric derivatizing reagent can also be used in the process according to 
a preferred aspect of the invention for polymer crosslinking and further for polymer 
stabilization and/or for polymer branching, in addition to the fact that a suitable 
polymer according to (i) is made available. 

Please delete the paragraph on page 16, lines 1 1-17, and insert the following 
paragraph therefor: 
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Both the reaction of the polymer having at least one functional group with an 
activated derivatizing reagent and the reaction of the polymer having at least one 
functional group with an activating reagent and subsequent reaction of the product 
with a derivatizing reagent by the process according to a preferred aspect of the 
invention make it possible to prepare polymer derivatives which have very different 
spatial arrangements and accordingly can be used for a large number of applications in 
which this spatial arrangement is of crucial importance. 

Please delete the paragraph on page 16, lines 22-25, and insert the following 
paragraph therefor: 

In a likewise preferred embodiment, a preferred aspect of the present invention 
describes a derivative of the type under discussion here, which has at least one 
receptor group which has a bonding unit decisive for the bonding of a biological or 
synthetic chemical substrate. 

Please delete the paragraph on page 17, lines 31-32, and insert the following 
paragraph therefor: 

Very generally, the activating reagents employed in the process according to a 
preferred aspect of the invention can be compounds of the general structure (X) 

Please delete the paragraph on page 26, lines 7-16, and insert the following 
paragraph therefor: 

In the context of a preferred aspect of the present invention, the crosslinkage 
according to (iii) can be achieved, for example, in that two or more strands of 
derivatized or underivatized polymer are reacted directly with one another. This can 
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be achieved, for example, in that the groups introduced by derivatization are 
constituted such that covalent and/or non-covalent bonds can be connected between 
these groups. Very generally, it is possible that these covalent and/or non-covalent 
bonds are formed between groups which are attached to one polymer strand, and/or 
are formed between groups which are attached to two or more polymer strands, such 
that two or more polymer strands can be connected to one another via one or more 
sites by crosslinkage. 

Please delete the paragraph on page 29, lines 10-15, and insert the following 
paragraph therefor: 

It is necessary in the context of the process according to a preferred aspect of 
the invention, with respect to a crosslinking step, to activate at least one of the 
functional groups which are involved in the crosslinkage, thus this is essentially 
possible according to all processes which are known from the prior art. In particular, 
the activation of a functional group can be carried out according to a process as is 
described in detail above in the activation and derivatization of polymers. 

Please delete the paragraph on page 26, lines 17-30, and insert the following 
paragraph therefor: 

If, in the process according to a preferred aspect of the invention, the 
crosslinkage takes place via the use of at least one crosslinking reagent, this 
crosslinking reagent can in particular be a condensation compound which is prepared 
by reaction of at least one functional group of a first low molecular weight compound 
having at least two functional groups with at least one functional group of at least one 
further second low molecular weight compound having at least two functional groups, 
which can be identical to the first or different from the first low molecular weight 
compound, with obtainrnent of a condensation compound, the process being 



Atty. Dkt. No. 077521/0103 



characterized in that at least one of the functional groups involved in this reaction has 
been activated before the reaction by reaction with a compound of the structure (X) 




(XI,) 



O 



as defined above. 

On page 33, please delete lines 4-6, and insert the following therefor: 

An example of a crosslinking reagent to be used according to a preferred 
aspect of the invention which may be mentioned below is a dimeric crosslinker which 
is prepared from phenylalanine and leucine by the process described above: 

Please delete the paragraph on page 35, lines 1-8, and insert the following 
paragraph therefor: 

By means of this process, in which activated or non-activated crosslinking 
reagents can be prepared, it is of course also possible specifically to prepare polymers 
which can be employed in the process according to a preferred aspect of the invention 
and whose conformation can be adapted to at least one template compound. It is 
possible here that by means of this process, in which a condensation compound is 
synthesized, a polymer is prepared which is derivatized by the process already 
described above. Likewise, it is also possible to prepare an already derivatized 
polymer. 
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Please delete the paragraph on page 35, lines 14-16, and insert the following 
paragraph therefor: 

In a preferred embodiment of the process according to a preferred aspect of the 
invention, the conformation of at least one of the polymers is adapted in the presence 
of at least one of the template compounds according to (ii). 

Please delete the paragraph on page 36, lines 2-4, and insert the following 
paragraph therefor: 

Accordingly, a preferred aspect of the present invention relates to a process 
such as described above, characterized in that the adaptation according to (ii) is 
carried out in the presence of at least one of the template compounds. 

Please delete the paragraph on page 37, lines 7-11, and insert the following 
paragraph therefor: 

In one embodiment of the process according to a preferred aspect of the 
invention, at least one conformation of the at least one polymer which is formed in the 
solution or in the suspension or in solution and suspension in the presence of the at 
least one template compound is fixed by crosslinkage. All suitable methods are 
possible as regards the crosslinkage. 

Please delete the paragraph on page 37, lines 13-15, and insert the following 
paragraph therefor: 

In one embodiment of the process according to a preferred aspect of the 
invention, one or more crosslinking reagents are added to the solution or the 
suspension or the solution and suspension. 
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Please delete the paragraph on page 37, lines 17-24, and insert the following 
paragraph therefor: 

In a further embodiment of the process according to a preferred aspect of the 
invention, the crosslinkage is carried out such that one or more covalent or non- 
covalent or covalent and non-covalent bonds are formed between at least one 
functional group of at least one polymer and one or more functional groups of at least 
one further polymer. In this case, the. reaction conditions are preferably to be selected 
such that firstly the conformation of at least one of the polymers is adapted to at least 
one of the template compounds and the preferred conformation obtained is fixed by 
crosslinkage by specific choice of the reaction conditions. 

Please delete the paragraph on page 38, lines 5-15, and insert the following 
paragraph therefor: 

Obviously, a preferred aspect of the present invention also comprises 
embodiments in which, for example, at least two similar or different crosslinking 
reagents are first reacted with one another with the formation of at least one covalent 
and/or non-covalent bond and with obtainment of a new crosslinking reagent. The 
new crosslinking reagent formed can then either be reacted with firstly at least one 
functional group of at least one polymer and then with at least one further functional 
group of at least one further polymer. Likewise, these reactions of the new 
crosslinking reagent can also proceed simultaneously. Obviously, the present 
invention also includes embodiments in which the adaptation according to (ii) takes 
place via the fixing according to (iii), such that in this case (ii) and (iii) are to be seen 
as at least one joint step. 
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Please delete the paragraph on page 38, lines 17-25, and insert the following 
paragraph therefor: 

The crosslinkage via the reactions between two or more functional groups with 
or without crosslinking reagent can obviously take place both intra- and 
intermolecularly. Accordingly, a preferred aspect of the present invention also 
includes embodiments in which exclusively intramolecular or exclusively 
intermolecular crosslinkages take place. A preferred aspect of the present invention 
further includes processes in which crosslinking is carried out both intra- and 
intermolecularly, wherein the case in which two or more different polymers are 
employed, the intermolecular crosslinkages take place exclusively between similar 
polymers or exclusively between different polymers or between both similar and 
different polymers. 

Please delete the paragraph on page 38, lines 27-29, and insert the following 
paragraph therefor: 

In a likewise preferred embodiment of the process according to a preferred 
aspect of the invention, the adaptation of the conformation of the at least one polymer 
and the attachment of the at least one preferred conformation obtained take place 
together. 

Please delete the paragraph on page 39, lines 24-29, and insert the following 
paragraph therefor: 

In a preferred embodiment of the process according to a preferred aspect of the 
invention, a procedure is used here in which crosslinking reagent, polymer and 
template compound are first mixed together at low temperature, preferably in the 
range from 0 to -70°C, such that the interactions are developed, but the attachment by 
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crosslinkage is largely suppressed. In a further step, the temperature is then increased 
in such a way that attachment takes place. 

Please delete the paragraph beginning on page 39, line 3 1 and ending on page 
40, line 3, and insert the following paragraph therefor: 

In the context of the process according to a preferred aspect of the invention, it 
is moreover also possible that the preferred conformation according to (ii) only results 
from interaction of at least one of the crosslinking reagents with the at least one 
template compound. It is accordingly possible, inter alia, that at least one crosslinking 
reagent first reacts with at least one polymer with formation of at least one covalent or 
non-covalent bond, and simultaneously or thereafter interacts with at least one of the 
template compounds, whereby a preferred conformation of the reaction product of 
crosslinking reagent and polymer is formed, and this preferred conformation is 
attached by reaction of the reaction product of crosslinking reagent and polymer with 
a further polymer or by intramolecular crosslinkage. 

Please delete the paragraph on page 40, lines 5-8, and insert the following 
paragraph therefor: 

A preferred aspect of the present invention therefore also describes a process, 
as described above, which is characterized in that the preferred conformation 
according to (ii) is influenced by interaction of at least one crosslinking reagent with 
at least one template compound. 

Please delete the paragraph on page 40, lines 18-20, and insert the following 
paragraph therefor: 
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In a further preferred embodiment, in the context of the process according to a 
preferred aspect of the invention the adaptation of the conformation according to (ii) 
takes place in two or more steps. 

Please delete the paragraph on page 40, lines 22-24, and insert the following 
paragraph therefor: 

Accordingly, a preferred aspect of the present invention also relates to a 
process, as described above, characterized in that the adaptation of the conformation 
of the at least one polymer takes place in at least two steps. 

Please delete the paragraph on page 41, lines 29-34, and insert the following 
paragraph therefor: 

In a preferred embodiment of the process according to a preferred aspect of the 
invention, in at least one step the conformation of the at least one polymer which 
results from the adaptation is fixed by crosslinkage. The present invention therefore 
also describes a process, as described above, characterized in that the adaptation of the 
conformation according to (ii) takes place in at least two steps and the conformation is 
fixed at least once by crosslinkage. 

Please delete the paragraph on page 42, lines 7-16, and insert the following 
paragraph therefor: 

In a preferred embodiment of the process according to a preferred aspect of the 
invention, at least the preferred conformation which results from the last adaptation 
step is fixed by crosslinkage. In a further preferred embodiment, functional groups 
which may be present, which lie, for example, on the outside of the polymer network, 



-18- 



Atty. Dkt. No. 077521/0103 



are reacted with at least one end-capping reagent. As an end-capping group, in 
principle any group can be selected which makes a functional group inert or to the 
greatest extent inert to certain interactions. The end-capping group which can be used 
here is any suitable group according to the prior art. Depending on the substrate, it is, 
for example, possible that the end-capping group selected is a group which is not an H 
donor. Preferably, 

Please delete the paragraph on page 43, lines 5-7, and insert the following 
paragraph therefor: 

A preferred aspect of the present invention therefore also relates to a process, 
as described above, characterized in that, after each step the preferred conformation 
obtained from this step is fixed by crosslinkage. 

Please delete the paragraph on page 43, lines 14-17, and insert the following 
paragraph therefor: 

Obviously, in the context of the process according to a preferred aspect of the 
invention it is also possible that at least one of the template compounds is not present 
in one or alternatively a number of steps in which the conformation of at least one 
polymer is adapted to at least one template compound. 

Please delete the paragraph on page 43, lines 19-21, and insert the following 
paragraph therefor: 

A preferred aspect of the present invention therefore also relates to a process, 
as described above, characterized in that at least one step is carried out in the absence 
of the at least one template compound. 
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Please delete the paragraph on page 44, lines 3-6, and insert the following 
paragraph therefor: 

In a preferred embodiment, the process according to a preferred aspect of the 
invention is carried out in such a way that the at least one preferred conformation 
which is obtained from each step is fixed by crosslinkage irrespectively of whether the 
adaptation takes place in the presence or absence of the at least one template 
compound. 

Please delete the paragraph on page 45, lines 1-8, and insert the following 
paragraph therefor: 

A preferred aspect of the present invention further also includes embodiments 
in which crosslinking is carried out in a first step and a crosslinkage takes place in any 
further step, which is realized by reacting the at least one crosslinking reagent, 
through which crosslinkage takes place in the further step, in the crosslinkage, for 
example, with at least one functional group which results due to the crosslinkage in 
the first step or is incorporated into the polymeric structure which was obtained froni 
the first crosslinking step by at least one of the crosslinking reagents which are 
employed in the first step. 

Please delete the paragraph on page 47, lines 10-12, and insert the following 
paragraph therefor: 

In a further preferred embodiment of the process according to a preferred 
aspect of the invention, at least one suitable support material is employed in the 
preparation of the polymer network. 
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Please delete the paragraph on page 48, lines 3-5, and insert the following 
paragraph therefor: 

In particular, a preferred aspect of the present invention includes embodiments 
of the process according to the invention in which the polymeric network is prepared 
on at least one of these suitable support materials. 

Please delete the paragraph on page 48, lines 7-9, and insert the following 
paragraph therefor: 

A preferred aspect of the present invention accordingly also relates to a 
process, as described above, characterized in that the polymeric network is prepared 
on at least one support material. 

Please delete the paragraph on page 48, lines 25-32, and insert the following 
paragraph therefor: 

Accordingly, the process according to a preferred aspect of the invention also 
opens up the possibility of influencing the conformation of the at least one polymer, 
which is adapted to at least one template compound in at least one step, via the at least 
one support material. In particular, the at least one support material can be a polymer 
or a polymer network, where a polymer network prepared according to the invention 
can also be employed as a support material. Here, inter alia, a general copying 
process is accessible which makes it possible, for example, to produce a number of 
consecutive positive and negative prints. 
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Please delete the paragraph on page 50, lines 13-15, and insert the following 
paragraph therefor: 

Accordingly, a preferred aspect of the present invention also relates to a 
process, as described above, which is characterized in that the at least one polymer is 
applied to the at least one support material in layers in at least two successive steps. 

Please delete the paragraph on page 55, lines 1-21, and insert the following 
paragraph therefor: 

The term "selective/specific crosslinking reagent" is understood in the context 
of a preferred aspect of the present invention as meaning a crosslinking reagent which 
has two or more different functional groups, of which at least one group, in 
comparison with at least one group which is different therefrom, preferably reacts 
with a functional group of a further polymer or the support material under given 
reaction conditions. The term furthermore includes those crosslinking reagents which 
have two or more identical functional groups, but whose chemical environment differs 
and/or which are sterically differently arranged and of which therefore at least one 
preferably reacts with a functional group of a further polymer or the support material 
under given reaction conditions. Likewise, this term comprises those crosslinking 
reagents which have functional groups which are identical to or different from one 
another, which therefore differ in selectivity/specificity, because some of the 
functional groups are activated with an activating reagent according to a process such 
as described above. Obviously, in the compounds which have two or more different 
functional groups, one or alternatively a number of the functional groups can be 
activated with reactive groups which are optionally different such that the reactivity of 
one part of the optionally activated groups differs from the reactivity of the other part 
of the optionally activated groups. Combinations of two or more of the described 
influences, which act on the specificity/selectivity, are obviously likewise possible. 
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Please delete the paragraph beginning on page 55, line 36 and ending on page 
56, line 3, and insert the following paragraph therefor: 

A preferred aspect of the present invention therefore also relates to a process, 
as described above, characterized in that the application in layers leads to a swellable 
polymer network which has a conformation which is adapted to the at least one 
template compound in at least one further step in the presence of the at least one 
template compound and is fixed by crosslinkage. 

Please delete the paragraph on page 62, lines 28-33, and insert the following 
paragraph therefor: 

Accordingly, a preferred aspect of the present invention also relates to the use 
of a polymeric network, preparable according to a process as described above, in 
substance separation processes, substance conversion processes, substance preparation 
processes, substance recognition processes or for the detection of signals. With 
respect to signals which can be detected, optical, electrical or mechanical signals, inter 
alia, may be mentioned. 

Please delete the paragraph on page 62, lines 35-36, and insert the following 
paragraph therefor: 

A preferred aspect of the present invention is illustrated in greater detail with 
the aid of the following examples. 

Please delete the paragraph on page 63, lines 1-14, and insert the following 
paragraph therefor: 
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Example 1 : Coating of silica gel SP 300-1 5/30 with poly(benzyl N-allylcarbamate) 
of degree of derivatization 14% and subsequent crosslinkage of the polymer with 
dodecanedioic acid bis(N-hydroxy-5-norbornene-2,3-dicarboximide) ester. 

Poly(benzyl-N-allylcarbamate) having a degree of derivatization of 14% (1.60 
g) was dissolved in boiling glacial acetic acid (100 ml, about 1 17°C), diluted with 
dicbloromethane (100 ml, 1.18 mol) after cooling and treated with pyridine (1 12 ml, 
1 .42 mol) in order to impair the solubility of the polymer. Subsequently, the resulting 
turbidity was eliminated using a few drops of glacial acetic acid. After addition of 
silica gel 300 A, 20 (J, m (Daisogel SP 300-15/30) (10.02 g), the mixture was agitated 
on a shaker for 30 minutes and, after filtering off with suction through a glass frit, 
washed with dichloromomethane (4x50 ml). 

Please delete the paragraph on page 63, lines 16-21, and insert the following 
paragraph therefor: 

For crosslinkage, the coated silica gel was added to a solution of 
dodecanedioic acid bis(N-hydroxy-5-norbornene-2,3-dicarboximide) ester (46 mg, 83 
\i mol) and triethylamine (36 mg, 0.35 mmol) in dichloromethane (60 ml) and the 
suspension was concentrated to dryness in vacuo (85 mbar, water bath 0°C). The 
coated silica gel was washed with tetrahydrofuran (60°C, 4 x 25 ml), filtered off with 
suction and subsequently washed with dichloromethane (50 ml). 

Please delete the paragraph on page 63, lines 23-32, and insert the following 
paragraph therefor: 

For the second coating, poly(benzyl N-allylcarbamate) having a degree of 
derivatization of 14% (1.60 g) was dissolved in boiling glacial acetic acid (100 ml, 
about 117°C), diluted with dichloromethane (100 ml, 1.18 mol) after cooling and 
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treated with 100 ml of pyridine (100 ml, 1.26 mol) in order to impair the solubility) of 
the polymer. Dimethylaminopyridine (DMAP, 80 mg, 0.65 mmol) and further) 
pyridine (12 ml, 0.15 mol) were then added. Subsequently, the resulting turbidity was 
eliminated using a few drops of glacial acetic acid. After addition of the silica gel 
which was reacted and coated with the crosslinker, as described above, the mixture 
was agitated on a shaker for 30 minutes and, after filtering off with suction through a 
glass frit, washed with dichloromethane (4 x 50 ml). 

Please delete the paragraph beginning on page 63, line 37 and ending on page 
64, line 5, and insert the following paragraph therefor: 

The mixture was swollen in dimethylformamide in a frit (30 min). By slowly 
passing through a solution of diethylamine (2 ml, 1.42 g, 19.41 mmol) in DMF (40 
ml), the residual activated crosslinker groups were deactivated. For complete 
deactivation, the mixture was rinsed a further four times with the filtrate solution. The 
mixture was then washed with tetrahydrofuran (60°C, HPLC grade, 4 x 50 ml) and 
with dichloromethane (4 x 50 ml) and sucked dry. 

Please delete the paragraph on page 64, lines 7-10, and insert the following 
paragraph therefor: 

The coated silica gel was treated with glacial acetic acid (100 ml), the 
suspension was heated to boiling, and the solid was filtered off with suction, washed 
with dichloromethane (5 x 50 ml), dried (1 10°C, 16 h) and sieved through a 45 um 
sieve. 

Please delete the paragraph on page 64, lines 18-21, and insert the following 
paragraph therefor: 



-25- 



Atty. Dkt. No. 077521/0103 



- Silica gel 300 A, 20 urn (Daisogel SP 300-15/30), coated with 3 layers of 
poly(benzyl N-allylcarbamate) having a degree of derivatization of 7%, 
which are crosslinked to 2% with dodecanedioic acid bis(N-hydroxy-5- 
norbornene-2,3-dicarboximide) ester = (1), 

Please delete the paragraph on page 64, lines 25-29, and insert the following 
paragraph therefor: 

A column packed with (1) was conditioned with 0.2% strength (10.5 mmol/1) 
5-methyl-5-phenylhydantoin solution (substrate) in CHC1 3 and a flow of 0.6 ml/min, 
about 40 mg of the substrate being adsorbed on the column. 80 ul of glacial acetic 
acid were then injected and the outflow was collected in two fractions: 

Please delete the heading "Patent Claims" and insert in its place the heading - 
What is claimed is:~ 

In the Claims: 

Please amend the claims as follows: 

1 . (Amended) A process for the preparation of a polymeric network, 
comprising 

(i) providing one or more polymers which can be crosslinked 
intramolecularly or intermolecularly or intra- and intermolecularly by covalent or non- 
covalent bonding, 

(ii) adapting at least one of the polymers to at least one template 
compound to obtain at least one preferred conformation of the at least one polymer, 
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wherein at least one of the preferred conformations obtained according to (ii) 
is fixed by crosslinkage. 

2. (Amended) A process according to Claim 1, wherein step (ii) is 
carried out in the presence of at least one of the template compounds. 

3. (Amended) A process according to Claim 1 wherein the adaptation of 
the conformation of the at least one polymer takes place in at least two steps. 

4. (Amended) A process according to Claim 3, wherein after each step 
the preferred conformation obtained from this step is fixed by crosslinkage. 

5 . (Amended) A process according to Claim 3 , wherein at least one step 
is carried out in the absence of the at least one template compound. 

6. (Amended) A process according to Claim 1 , wherein the polymeric 
network is prepared on at least one support material. 

7. (Amended) A process according to Claim 6, wherein the at least one 
polymer is applied to the at least one support material in layers in at least two 
successive steps. 

8. (Amended) A process according to Claim 7, the application in layers 
leads to a primarily crosslinked polymer network which has a conformation which is 
adapted to the at least one template compound in at least one further step in the 
presence of the at least one template compound and is fixed by crosslinkage. 

9 . (Amended) A polymeric network, preparable by the process of Claim 

1. 

1 0. (Amended) A method of using a polymeric network, preparable by the 
process of Claim 1, comprising using the polymeric network in a substance separation 
process. 

Please add the following new claims: 
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1 1 . (New) A method of using a polymeric network, preparable by the 
process of Claim 1, comprising using the polymeric network in a substance 
conversion process. 

12. (New) A method of using a polymeric network, preparable by the 
process of Claim 1, comprising using the polymeric network in a substance 
preparation process. 

1 3 . (New) A method of using a polymeric network, preparable by the 
process of Claim 1, comprising using the polymeric network in a substance 
recognition process. 

14. (New) A method of using a polymeric network, preparable by the 
process of Claim 1, comprising using the polymeric network for the detection of 
signals. 

REMARKS 

By way of this Preliminary Amendment, claims 1-10 have been amended and 
new claims 11-14 were added. Thus, claims 1-14 are pending. Applicant respectfully 
requests that the foregoing amendments be made prior to examination of the present 
application. 

Claims 1-10 were amended to place the claims in proper format for 
examination before the U.S. Patent and Trademark Office. Applicant asserts that the 
scope of the claims was in no way narrowed by this amendment. Thus, prosecution 
history estoppel does not apply in this case. 
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The Examiner is invited to contact the undersigned by telephone if it is felt 
that a telephone interview would advance the prosecution of the present application. 

Respectfully submitted, 



Date Mav 30. 2001 
FOLEY & LARDNER 
Washington Harbour 
3000 K Street, N.W., Suite 500 
Washington, D.C. 20007-5109 
Telephone: (202) 672-5475 
Facsimile: (202) 672-5399 




Richard C. Peet 
Attorney for Applicant 
Registration No. 35,792 
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Marked-up Claims: 

1 . (Amended) A [Process for the preparation of a polymeric network, 
[in which] comprising 

(i) providing one or more polymers [are made available] which can be 
crosslinked [with one another] intramolecularly or intermolecularly or intra- and 
intermolecularly by covalent or non-covalent bonding, 

(ii) [the conformation of at least one of the polymers is adapted to at 
least one template compound with obtainment of at least one preferred 
conformation of the at least one polymer] adapting at least one of the polymers to 
at least one template compound to obtain at lea st one preferred conformation of 
the at least one polymer, 

[(iii)] wherein at least one of the preferred conformations obtained according 
to (ii) is fixed by crosslinkage. 

2. (Amended) A [P]process according to Claim 1, [characterized in 
that the adaptation according to] wherein step (ii) is carried out in the presence of 
at least one of the template compounds. 

3. (Amended) A [P]process according to Claim 1 [or 2, characterized 
in that] wherein the adaptation of the conformation of the at least one polymer takes 
place in at least two steps. 

4. (Amended) A [P]process according to Claim 3, [characterized in 
that] wherein after each step the preferred conformation obtained from this step is 
fixed by crosslinkage. 

5. (Amended) A [PJprocess according to Claim 3 [or 4], [characterized 
in that] wherein at least one step is carried out in the absence of the at least one 
template compound. 
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6. (Amended) A [P]process according to [one of] Claim[s] 1 [to 5], 
[characterized in that] wherein the polymeric network is prepared on at least one 
support material. 

7. (Amended) A [P]process according to Claim 6, [characterized in 
that] wherein the at least one polymer is applied to the at least one support material 
in layers in at least two successive steps. 

8. (Amended) A [P]process according to Claim 7, [characterized in 
that] the application in layers leads to a primarily crosslinked polymer network which 
has a conformation which is adapted to the at least one template compound in at least 
one further step in the presence of the at least one template compound and is fixed by 
crosslinkage. 

9. (Amended) A [Polymeric network, preparable [according to one] 
bv the process of Claim[s] 1 [ to 8] . 

10. (Amended) [Use of] A method of using a polymeric network, 
preparable [according to one] bv the process of Claim[s] 1 comprising using the 
polymeric network fto 8], in a substance separation process[es, substance 
conversion processes, substance preparation processes, substance recognition 
processes or for the detection of signals]. 
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Marked Up Changes to Specification 
Paragraph on page 2, lines 10-19: 

Accordingly, a preferred aspect of the present invention relates to .a process 
for the preparation of a polymeric network, in which 

(i) one or more polymers are made available which can be crosslinked 
with one another intramolecularly or intermolecularly or intra- and intermolecularly 
by covalent or non-covalent bonding, 

(ii) the conformation of at least one of the polymers is adapted to at least 
one template compound with obtainment of at least one preferred conformation of the 
at least one polymer and 

(iii) at least one of the preferred conformations obtained according to (ii) is 
fixed by crosslinkage. 

Paragraph on page 2, lines 36-37: 

In the process according to ajp rcferred aspecjjof the invention, the 
concentration of the template compound employed in solution or suspension is 
basically freely selectable. 

Paragraph on page 4, lines 13-24: 

Furthermore, a preferred aspect of the present invention also includes 
embodiments in which the adaptation of the conformation is carried out such that, in 
the absence of the at least one template compound, polymeric structures are 
synthesized by inter- or intramolecular crosslinking whose conformations are adapted 
to the at least one template compound by specific selection of the at least one polymer 
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and/or of the at least one crosslinking reagent employed. In this case it is possible, for 
example, that the steps (ii) and (iii), as mentioned above, can be carried out in one 
step. In the case of crosslinkage in the absence of the at least one template compound, 
however, it is also possible that polymeric structures are synthesized which are 
roughly adapted to the at least one template compound, where a more accurate 
adaptation can be carried out by further crosslinking steps in the presence or absence 
of the at least one template compound. 

Paragraph on page 4, lines 26-28: 

Accordingly, all polymers which can be crosslinked intra- and/or 
intermolecularly and which can interact per se or after crosslinking with the at least 
one template compound can be employed in the process according to a nrcrcr ro c 
aspect of the invention. 



Paragraph on page 5, lines 25-29: 

The term "functional group", as is used in the context of a m^fclS'^M .. M V^cio r 
the present invention, accordingly includes all chemical structures via which covalent 
and/or non-covalent interactions can take place. In particular, hydrocarbon chains and 
further structural units via which Van der Waals interactions can be formed also come 
under the term of functional group. 

Paragraph on page 6, lines 13-14: 

Accordingly, in the process according to «u^k^iiaiB^2j-fe e invention 
generally both derivatized and non-derivatized polymers can be employed. 
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Paragraph on page 6, lines 24-33: 

In the process according to preferred asmxurf the invention it is possible, 
inter alia, to "designate" the receptor-template interaction using made-to-measure 
receptor groups by derivatization of at least one polymer which is employed in the 
process in derivatized form. In the context of aorjfcrrocl asnccjof the present 
invention, the degree of derivatization can be influenced here such that the best 
possible interaction with the template is achieved. It is likewise possible to designate 
the adaptation of the conformation of the at least one polymer in the absence of the at 
least one template compound by specifically introducing certain crosslinking 
possibilities or interaction possibilities into the polymer, for example by means of the 
functional groups introduced by derivatization. 

Paragraph beginning on page 6, line 35 and ending on page 7, line 2: 

If one or more polymers are first derivatized in the process according to | 
preferred aspect of t he invention and then employed in the process according to | 
p referred aspect of the invention, the derivatization can take place according to all 
suitable processes, for example processes known from the prior art. 

Paragraph on page 7, line 24-28: 

In a preferred embodiment, in the process according to anr ci erred asj)gct_oi 
the invention (i) a derivatized polymer can be made available which is prepared by 
reacting a polymer having at least one functional group with at least one activating 
reagent or a derivative of an activating reagent, where this reaction can take place 
homogeneously or heterogeneously, preferably homogeneously. 
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Paragraph on page 7, line 35-37: 

Accordingly, a preferred aspect of the present invention also describes a j 
process in which the reaction product from the polymer having at least one functional 
group and the activating reagent is reacted with a derivatizing reagent. 

Paragraph on page 8, line 2-5: 

In the context of this embodiment of the process according to ajTrefen-ed 
aspect of the invention, the polymer having at least one functional group can be 
reacted simultaneously, i.e. in the sense of a "one-pot reaction" with at least one 
activated and/or at least one non-activated derivatizing reagent and/or an activating 
reagent. 

Paragraph on page 8, lines 11-21: 

If a polymer was reacted here with different activating reagents, these 
activated functional groups can have different reactivity to one or more derivatizing 
reagents. Accordingly, it is possible in the context of the process according to g 
preferred aspect of the invention to derivatize functional groups selectively in this 
manner. The term "selective" in this connection means that a polymer which has, for 
example, two or more functional groups which are different from one another is 
reacted with, for example, two different activating reagents such that a subsequent 
reaction with a derivatizing reagent for derivatization takes place mainly to 
exclusively on the activated functional group(s) which is or are activated with one of 
these two activating reagents, as a rule on the functional group(s) more reactively 
activated with respect to the derivatizing reagent. 
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Paragraph on page 8, lines 23-26: 

In the process according to a nrcrcrrcd aspect of . the invention, it is 
furthermore possible to react the activating reagent before the reaction with the 
polymer having at least one functional group in order then to react this reaction 
product with the polymer having at least one functional group. 

Paragraph on page 8, lines 28-30: 

A preferred aspect of y flhe present invention therefore also describes a process, 
as described above, in which the derivative of the activating reagent is obtained by 
prior reaction of the activating reagent with a derivatizing reagent. 

Paragraph on page 9, lines 9-12: 

Accordingly, a preferred aspect of the present invention also describes a 
process as described above, in which the polymer having at least one functional group 
is reacted with at least two different derivatives of an activating reagent and the 
reactions are carried out successively with one derivative in each case. 

Paragraph on page 9, lines 24-32: 

In particular, a preferred asncel of the present invention describes a process in 
which the activating reagent is derived from a compound of the following structure 
(I): 
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0) 



where Rj and R 2 are identical or different and can be straight-chain, branched- 
chain or bridged to give a carbocycle or a heterocycle and are selected such that the 
activating reagent or the derivative of the activating reagent can be reacted in 
homogeneous phase with the polymer having at least one functional group. 

Paragraph on page 10, lines 4-14: 

In a preferred embodiment, a jprefcrrcG aspcci of. the present invention 
describes a process in which the activating reagent is derived from a compound of the 
following structure (F) 




(D 



where R 3 to R 10 can be identical or different and can be hydrogen, straight- 
chain or branched-chain alkyl, aryl, cycloalkyl, heterocyclic and aralkyl radicals 
having up to 30 C atoms, or else two or more of R 3 to R 10 can in turn be bridged to 
give a carbocycle or heterocycle and are selected such that the activating reagent or 
the derivative of the activating reagent can be reacted in homogeneous phase with the 
polymer having at least one functional group. 

Paragraph on page 10, lines 15-20: 
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■ \ preferred aspect of t +he present invention further describes a process in 
which the activating reagent has the following structure (II) 




(n) 



where R 3 to R 10 are as defined above. 
Paragraph on page 10, lines 22-24: 

In a likewise preferred embodiment, ^c tocri^D^oil fhe present invention 
describes a process in which the activating reagent is derived from a compound of the 
structure (II), as indicated above, where R 3 to R 10 is in each case hydrogen. 

Paragraph on page 13, lines 16-25: 

A further possibility is to react the activated polymer with a mono- or 
polyhydric alcohol or thiol containing an amino group in the process according to 
preferred aspect ol' the invention. If the polymer comprising at least one functional 
group is activated, for example, with ONB-C1, the mono- or polyhydric alcohol 
containing the amino group or the mono- or polyhydric thiol containing the amino 
group reacts selectively with the amino group. The OH or SH groups thus introduced 
into the polymer can then be activated again in a further step with, for example, one of 
the activating reagents described above, whereby chain extensions and branchings are 
facilitated, depending on the functionality of the alcohols or thiols originally 
employed. 
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Paragraph on page 13, lines 27-30: 

In another embodiment of the process according to ^preferred aspect of the 
invention already described above, the polymer having at least one functional group is 
reacted with an activated derivatizing reagent, the latter being obtained from the 
reaction of an activating reagent with the derivatizing reagent. 

Paragraph on page 13, lines 32-36: 

In the process according to a preferred aspect of the invention, activated 
derivatives of amines, alcohols, thiols, carboxylic acids, sulphonic acids, sulphates, 
phosphates or phosphonic acids are preferably reacted with the polymer having at 
least one functional group, where, in turn in a preferred embodiment, the compounds 
are activated with ONB-C1 . 

Paragraph on page 16, lines 1-3: 

In the context of a preferred aspect of the present invention, such polyhydric 
derivatizing reagents can selectively be partially or completely activated using an 
activating reagent and reacted with the polymer having at least one functional group. 

Paragraph on page 16, lines 5-9: 

The reaction of the polymer having at least one functional group with an 
activated, polyhydric derivatizing reagent can also be used in the process according to 
a otercp-CG aspect cf the invention for polymer crosslinking and further for polymer 
stabilization and/or for polymer branching, in addition to the fact that a suitable 
polymer according to (i) is made available. 
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Paragraph on page 16, lines 11-17: 

Both the reaction of the polymer having at least one functional group with an 
activated derivatizing reagent and the reaction of the polymer having at least one 
functional group with an activating reagent and subsequent reaction of the product 
with a derivatizing reagent by the process according to y, jircikiMJaicail Lthe 
invention make it possible to prepare polymer derivatives which have very different 
spatial arrangements and accordingly can be used for a large number of applications in 
which this spatial arrangement is of crucial importance. 

Paragraph on page 16, lines 22-25: 

In a likewise preferred embodiment, a preferred aspect of the present invention 
describes a derivative ofthe type under discussion here, which has at least one 
receptor group which has a bonding unit decisive for the bonding of a biological or 
synthetic chemical substrate. 

Paragraph beginning on page 17, line 31 and ending on page 26, line 5: 

Very generally, the activating reagents employed in the process according to a 
preferred aspect ofthe invention can be compounds ofthe general structure (X) 

Paragraph on page 26, lines 7-16: 

In the context of a preferred aspect ol the present invention, the crosslinkage 
according to (iii) can be achieved, for example, in that two or more strands of 
derivatized or underivatized polymer are reacted directly with one another. This can 
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be achieved, for example, in that the groups introduced by derivatization are 
constituted such that covalent and/or non-covalent bonds can be connected between 
these groups. Very generally, it is possible that these covalent and/or non-covalent 
bonds are formed between groups which are attached to one polymer strand, and/or 
are formed between groups which are attached to two or more polymer strands, such 
that two or more polymer strands can be connected to one another via one or more 
sites by crosslinkage. 



Paragraph on page 29, lines 10-15: 

It is necessary in the context of the process according to aj!iao iIQ^§m^^I 
the invention, with respect to a crosslinking step, to activate at least one of the 
functional groups which are involved in the crosslinkage, thus this is essentially 
possible according to all processes which are known from the prior art. In particular, 
the activation of a functional group can be carried out according to a process as is 
described in detail above in the activation and derivatization of polymers. 



Paragraph on page 26, lines 17-30: 

If, in the process according to a preferred asccc: : the invention, the 
crosslinkage takes place via the use of at least one crosslinking reagent, this 
crosslinking reagent can in particular be a condensation compound which is prepared 
by reaction of at least one functional group of a first low molecular weight compound 
having at least two functional groups with at least one functional group of at least one 
further second low molecular weight compound having at least two functional groups, 
which can be identical to the first or different from the first low molecular weight 
compound, with obtainment of a condensation compound, the process being 
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characterized in that at least one of the functional groups involved in this reaction has 
been activated before the reaction by reaction with a compound of the structure (X) 




<XI ( ) 



O 



as defined above. 



Page 33, please delete lines 4-6: 

An example of a crosslinking reagent to be used according to gj2M§nM 
aspect of the invention which may be mentioned below is a dimeric crosslinker which 
is prepared from phenylalanine and leucine by the process described above: 

Paragraph on page 35, lines 1-8: 

By means of this process, in which activated or non-activated crosslinking 
reagents can be prepared, it is of course also possible specifically to prepare polymers 
which can be employed in the process according to aj^ejTcc^sr^^ invention 
and whose conformation can be adapted to at least one template compound. It is 
possible here that by means of this process, in which a condensation compound is 
synthesized, a polymer is prepared which is derivatized by the process already 
described above. Likewise, it is also possible to prepare an already derivatized 
polymer. 

Paragraph on page 35, lines 14-16: 
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In a preferred embodiment of the process according to jurrefcrrcd uspjciof tht 
invention, the conformation of at least one of the polymers is adapted in the presence 
of at least one of the template compounds according to (ii). 



Paragraph on page 36, lines 2-4: 

Accordingly, a preferred aspect of the present invention relates to a process 
such as described above, characterized in that the adaptation according to (ii) is 
carried out in the presence of at least one of the template compounds. 

Paragraph on page 37, lines 7-11: 

In one embodiment of the process according to p j22gim^d_asnccj^ the 
invention, at least one conformation of the at least one polymer which is formed in the 
solution or in the suspension or in solution and suspension in the presence of the at 
least one template compound is fixed by crosslinkage. All suitable methods are 
possible as regards the crosslinkage. 



Paragraph on page 37, lines 13-15: 

In one embodiment of the process according to |^sM!M^2iMi>Ltb 
invention, one or more crosslinking reagents are added to the solution or the 
suspension or the solution and suspension. 



Paragraph on page 37, lines 17-24: 

In a further embodiment of the process according to ajimem^j^spcc^ 
invention, the crosslinkage is carried out such that one or more covalent or non- 
covalent or covalent and non-covalent bonds are formed between at least one 
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functional group of at least one polymer and one or more functional groups of at least 
one further polymer. In this case, the. reaction conditions are preferably to be selected 
such that firstly the conformation of at least one of the polymers is adapted to at least 
one of the template compounds and the preferred conformation obtained is fixed by 
crosslrnkage by specific choice of the reaction conditions. 

Paragraph on page 38, lines 5-15: 

Obviously, a prcfcrcrd aspect of t he present invention also comprises 
embodiments in which, for example, at least two similar or different crosslinking 
reagents are first reacted with one another with the formation of at least one covalent 
and/or non-covalent bond and with obtainment of a new crosslinking reagent. The 
new crosslinking reagent formed can then either be reacted with firstly at least one 
functional group of at least one polymer and then with at least one further functional 
group of at least one further polymer. Likewise, these reactions of the new 
crosslinking reagent can also proceed simultaneously. Obviously, the present 
invention also includes embodiments in which the adaptation according to (ii) takes 
place via the fixing according to (iii), such that in this case (ii) and (iii) are to be seen 
as at least one joint step. 

Paragraph on page 38, lines 17-25: 

The crosslinkage via the reactions between two or more functional groups with 
or without crosslinking reagent can obviously take place both intra- and 
intermolecularly. Accordingly, arjreferrcd aspect of t he present invention also 
includes embodiments in which exclusively intramolecular or exclusively 
intermolecular crosslinkages take place. A pre (ctrcd_ i sg^ M^te present invention 
further ^te^includes processes in which crosslinking is carried out both intra- and 
intermolecularly, where-in the case in which two or more different polymers are 



-44- 



Atty. Dkt. No. 077521/0103 



employed, the intermolecular crosslinkages take place exclusively between similar 
polymers or exclusively between different polymers or between both similar and 
different polymers. 

Paragraph on page 38, lines 27-29: 

In a likewise preferred embodiment of the process according to preferred 
aspect of the invention, the adaptation of the conformation of the at least one polymer 
and the attachment of the at least one preferred conformation obtained take place 
together. 

Paragraph on page 39, lines 24-29: 

In a preferred embodiment of the process according to ajiiuLcrr^^ 
invention, a procedure is used here in which crosslinking reagent, polymer and 
template compound are first mixed together at low temperature, preferably in the 
range from 0 to -70°C, such that the interactions are developed, but the attachment by 
crosslinkage is largely suppressed. In a further step, the temperature is then increased 
in such a way that attachment takes place. 

Paragraph beginning on page 39, line 31 and ending on page 40, line 3: 

In the context of the process according to iL jaimiieyj^ invention, it 

is moreover also possible that the preferred conformation according to (ii) only results 
from interaction of at least one of the crosslinking reagents with the at least one 
template compound. It is accordingly possible, inter alia, that at least one crosslinking 
reagent first reacts with at least one polymer with formation of at least one covalent or 
non-covalent bond, and simultaneously or thereafter interacts with at least one of the 
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template compounds, whereby a preferred conformation of the reaction product of 
crosslinking reagent and polymer is formed, and this preferred conformation is 
attached by reaction of the reaction product of crosslinking reagent and polymer with 
a further polymer or by intramolecular crosslinkage. 

Paragraph on page 40, lines 5-8: 

A preferred aspect of ff he present invention therefore also describes a process, 
as described above, which is characterized in that the preferred conformation 
according to (ii) is influenced by interaction of at least one crosslinking reagent with 
at least one template compound. 

Paragraph on page 40, lines 18-20: 

In a further preferred embodiment, in the context of the process according to u 
preferred aspect of the invention the adaptation of the conformation according to (ii) 
takes place in two or more steps. 

Paragraph on page 40, lines 22-24: 

Accordingly, a preferred aspect of the present invention also relates to a 
process, as described above, characterized in that the adaptation of the conformation 
of the at least one polymer takes place in at least two steps. 

Paragraph on page 41, lines 29-34: 
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In a preferred embodiment of the process according to ajjrcfcrcd aspect of the 
invention, in at least one step the conformation of the at least one polymer which 
results from the adaptation is fixed by crosslinkage. The present invention therefore 
also describes a process, as described above, characterized in that the adaptation ofthe 
conformation according to (ii) takes place in at least two steps and the conformation is 
fixed at least once by crosslinkage. 

Paragraph on page 42, lines 7-16: 

In a preferred embodiment ofthe process according to ajarefcrrsd aspect of the 
invention, at least the preferred conformation which results from the last adaptation 
step is fixed by crosslinkage. In a further preferred embodiment, functional groups 
which may be present, which lie, for example, on the outside ofthe polymer network, 
are reacted with at least one end-capping reagent. As an end-capping group, in 
principle any group can be selected which makes a functional group inert or to the 
greatest extent inert to certain interactions. The end-capping group which can be used 
here is any suitable group according to the prior art. Depending on the substrate, it is, 
for example, possible that the end-capping group selected is a group which is not an H 
donor. Preferably, 

Paragraph on page 43, lines 5-7: 

X preferred aspect of tg he present invention therefore also relates to a process, 
as described above, characterized in that, after each step the preferred conformation 
obtained from this step is fixed by crosslinkage. 

Paragraph on page 43, lines 14-17: 
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Obviously, in the context of the process according to i Lprofcrrcci aspect of the 
invention it is also possible that at least one of the template compounds is not present 
in one or alternatively a number of steps in which the conformation of at least one 
polymer is adapted to at least one template compound. 



Paragraph on page 43, lines 19-21: 

A preferred aspect of t ¥he present invention therefore also relates to a process, 
as described above, characterized in that at least one step is carried out in the absence 
of the at least one template compound. 



Paragraph on page 44, lines 3-6: 

In a preferred embodiment, the process according to a_prefcrrcci aspect o fthe 
invention is carried out in such a way that the at least one preferred conformation 
which is obtained from each step is fixed by crosslinkage irrespectively of whether the 
adaptation takes place in the presence or absence of the at least one template 
compound. 



Paragraph on page 45, lines 1-8: 

A p re f erred aspect o f fffae present invention further also includes 
embodiments in which crosslinking is carried out in a first step and a crosslinkage 
takes place in any further step, which is realized by reacting the at least one 
crosslinking reagent, through which crosslinkage takes place in the further step, in the 
crosslinkage, for example, with at least one functional group which results due to the 
crosslinkage in the first step or is incorporated into the polymeric structure which was 
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obtained from the first crosslinking step by at least one of the crosslinking reagents 
which are employed in the first step. 

Paragraph on page 47, lines 10-12: 

In a further preferred embodiment of the process according to ajircfcrrcct 
aspect of the invention, at least one suitable support material is employed in the 
preparation of the polymer network. 



Paragraph on page 48, lines 3-5: 

In particular, a_preferrcd aspect of the present invention includes embodiments 
of the process according to the invention in which the polymeric network is prepared 
on at least one of these suitable support materials. 

Paragraph on page 48, lines 7-9: 

A preferred aspect of t- Phe present invention accordingly also relates to a 
process, as described above, characterized in that the polymeric network is prepared 
on at least one support material. 

Paragraph on page 48, lines 25-32: 
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Accordingly, the process according to amM^lJ^^iK the invention also 
opens up the possibility of influencing the conformation of the at least one polymer, 
which is adapted to at least one template compound in at least one step, via the at least 
one support material. In particular, the at least one support material can be a polymer 
or a polymer network, where a polymer network prepared according to the invention 
can also be employed as a support material. Here, inter alia, a general copying 
process is accessible which makes it possible, for example, to produce a number of 
consecutive positive and negative prints. 

Paragraph on page 50, lines 13-15: 

Accordingly, a preferred aspect of t he present invention also relates to a 
process, as described above, which is characterized in that the at least one polymer is 
applied to the at least one support material in layers in at least two successive steps. 

Paragraph on page 55, lines 1-21 : 

The term "selective/specific crosslinking reagent" is understood in the context 
of a pre ferred aspect of the present invention as meaning a crosslinking reagent which 
has two or more different functional groups, of which at least one group, in 
comparison with at least one group which is different therefrom, preferably reacts 
with a functional group of a further polymer or the support material under given 
reaction conditions. The term furthermore includes those crosslinking reagents which 
have two or more identical functional groups, but whose chemical environment differs 
and/or which are sterically differently arranged and of which therefore at least one 
preferably reacts with a functional group of a further polymer or the support material 
under given reaction conditions. Likewise, this term comprises those crosslinking 
reagents which have functional groups which are identical to or different from one 
another, which therefore differ in selectivity/specificity, because some of the 
functional groups are activated with an activating reagent according to a process such 
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as described above. Obviously, in the compounds which have two or more different 
functional groups, one or alternatively a number of the functional groups can be 
activated with reactive groups which are optionally different such that the reactivity of 
one part of the optionally activated groups differs from the reactivity of the other part 
of the optionally activated groups. Combinations of two or more of the described 
influences, which act on the specificity/selectivity, are obviously likewise possible. 

Paragraph beginning on page 55, line 36 and ending on page 56, line 3: 

Aprcfcrred aspect of ff he present invention therefore also relates to a process, 
as described above, characterized in that the application in layers leads to a swellable 
polymer network which has a conformation which is adapted to the at least one 
template compound in at least one further step in the presence of the at least one 
template compound and is fixed by crosslinkage. 

Paragraph on page 62, lines 28-33: 

Accordingly, a preferred aspect of the present invention also relates to the use 
of a polymeric network, preparable according to a process as described above, in 
substance separation processes, substance conversion processes, substance preparation 
processes, substance recognition processes or for the detection of signals. With 
respect to signals which can be detected, optical, electrical or mechanical signals, inter 
alia, may be mentioned. 

Paragraph on page 62, lines 35-36: 

iLjyeferrcd asocct o f tnPhe present invention is illustrated in greater detail with 
the aid of the following examples. 
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Paragraph on page 63, lines 1-14: 

Example 1: Coating of silica gel SP 300-15/30 with poly(benzyl N-allylcarbamate) 
of degree of derivatization 14% and subsequent crosslinkage of the polymer with 
dodecanedioic acid bis(N-hydroxy-5-norbornene-2,3-dicarboximide) ester. 

Poly(benzyl-N-allylcarbamate) having a degree of derivatization of 14% (1.60 
g) was dissolved in boiling glacial acetic acid (100 ml, about 117°C), diluted with 
dichloromethane (100 ml, 1.18 mol) after cooling and treated with pyridine (1 12 ml, 
1 .42 mol) in order to impair the solubility of the polymer. Subsequently, the resulting 
turbidity was eliminated using a few drops of glacial acetic acid. After addition of 
silica gel 300 A, 20^-m (Daisogel SP 300-15/30) (10.02 g), the mixture was agitated 
on a shaker for 30 minutes and, after filtering off with suction through a glass frit, 
washed with dich|romomethane (4j,-50 ml). 



Paragraph on page 63, lines 16-21: 

For crosslinkage, the coated silica gel was added to a solution of 
dodecanedioic acidbis(N-hydroxy-5-norbornene-2,3-dicarboximide) ester (46 mg, 
83u-mol) and triethylamine (36 mg, 0.35 mmol) in dichloromethane (60 ml) and the 
suspension was concentrated to dryness in vacuo (85 mbar, water bath 0°C). The 
coated silica gel was washed with tetrahydrofuran (60°C, 4^-25 ml), filtered off with 
suction and subsequently washed with dichloromethane (50 ml). 

Paragraph on page 63, lines 23-32: 

For the second coating, poly(benzyl N-allylcarbamate) having a degree of 
derivatization of 14% (1 .60 g) was dissolved in boiling glacial acetic acid (100 ml, 
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about 1 1 7°C), diluted with dichloromethane (1 00 ml, 1 . 1 8 mol) after cooling and 
treated with 100 ml of pyridine (100 ml, 1.26 mol) in order to impair the solubility) of 
the polymer. Dimethylaminopyridine (DMAP, 80 mg, 0.65 mmol) and further) 
pyridine (12 ml, 0.15 mol) were then added. Subsequently, the resulting turbidity was 
eliminated using a few drops of glacial acetic acid. After addition of the silica gel 
which was reacted and coated with the crosslinker, as described above, the mixture 
was agitated on a shaker for 30 minutes and, after filtering off with suction through a 
glass frit, washed with dichloromethane (4j|-50 ml). 

Paragraph beginning on page 63, line 37 and ending on page 64, line 5: 

The mixture was swollen in dimethylformamide in a frit (30 min). By slowly 
passing through a solution of diethylamine (2 ml, 1.42 g, 19.41 mmol) in DMF (40 
ml), the residual activated crosslinker groups were deactivated. For complete 
deactivation, the mixture was rinsed a further four times with the filtrate solution. The 
mixture was then washed with tetrahydrofuran (60°C, HPLC grade, 4^-50 ml) and 
with dichloromethane (4j-50 ml) and sucked dry. 

Paragraph on page 64, lines 7-10: 

The coated silica gel was treated with glacial acetic acid (100 ml), the 
suspension was heated to boiling, and the solid was filtered off with suction, washed 
with dichloromethane (5^-50 ml), dried (1 10°C, 16 h) and sieved through a 45 ^ -m 
sieve. 



Paragraph on page 64, lines 18-21: 
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- Silica gel 300 A, 20 ji -m (Daisogel SP 300-15/30), coated with 3 layers of | 
poly(benzyl N-allylcarbamate) having a degree of derivatization of 7%, 
which are crosslinked to 2% with dodecanedioic acid bis(N-hydroxy-5- 
norbornene-2,3-dicarboximide) ester = (1), 

Paragraph on page 64, lines 25-29: 

A column packed with (1) was conditioned with 0.2% strength (10.5 mmol/1) 
5-methyl-5-phenylhydantoin solution (substrate) in CHC1 3 and a flow of 0.6 ml/min, 
about 40 mg of the substrate being adsorbed on the column. 80 of glacial acetic | 
acid were then injected and the outflow was collected in two fractions: 
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Marked-up Claims: 

1 . (Amended) A [P]process for the preparation of a polymeric network, 
[in which] comprising 

(i) providing one or more polymers [are made available] which can be 
crosslinked [with one another] intramolecularly or intermolecularly or intra- and 
intermolecularly by covalent or non-covalent bonding, 

(ii) [the conformation of at least one of the polymers is adapted to at 
least one template compound with obtainment of at least one preferred 
conformation of the at least one polymer] adapting at least one of the polymers to 
at least one template compound to obtain at least one pr eferred conformation of 
the at least one polymer, 

[(iii)] wherein at least one of the preferred conformations obtained according 
to (ii) is fixed by crosslinkage. 

2. (Amended) A [P]process according to Claim 1, [characterized in 
that the adaptation according to] wherein step (ii) is carried out in the presence of 
at least one of the template compounds. 

3. (Amended) A [P]process according to Claim 1 [or 2, characterized 
in that] wherein the adaptation of the conformation of the at least one polymer takes 
place in at least two steps. 

4. (Amended) A [P]process according to Claim 3, [characterized in 
that] wherein after each step the preferred conformation obtained from this step is 
fixed by crosslinkage. 

5. (Amended) A [P]process according to Claim 3 [or 4], [characterized 
in that] wherein at least one step is carried out in the absence of the at least one 
template compound. 
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6. (Amended) A [PJprocess according to [one of| Claim[s] 1 [to 5], 
[characterized in that] wherein the polymeric network is prepared on at least one 
support material. 

7. (Amended) A [PJprocess according to Claim 6, [characterized in 
that] wherein the at least one polymer is applied to the at least one support material 
in layers in at least two successive steps. 

8. (Amended) A [P]process according to Claim 7, [characterized in 
that] the application in layers leads to a primarily crosslinked polymer network which 
has a conformation which is adapted to the at least one template compound in at least 
one further step in the presence of the at least one template compound and is fixed by 
crosslinkage. 

9. (Amended) A [P]polymeric network, preparable [according to one] 
bv the process of Claim[s] 1 [ to 8]. 

1 0. (Amended) [Use of] A method of using a polymeric network, 
preparable [according to one] bv the process of Claim[s] 1 comprising using the 
polymeric network Tto 8], in a substance separation processes, substance 
conversion processes, substance preparation processes, substance recognition 
processes or for the detection of signals]. 
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531 Rec'dPCT/- 3 0 MAY Z001 

Process for the preparation ofaj^ol ymeric network 



The present invention relates to a process for the preparation of a polymeric 
network, the polymeric network per se which is obtainable by the process 
according to the invention, and the use of the polymeric network in various 
industrial application areas. 

Polymeric structures which have pores in which a given substrate can be 
selectively bonded are of interest in a whole series of industrial applications. In this 
connection, reference may be made to substance separation processes, catalytic 
processes or the use of these polymeric structures as sensors. 

WO 93/09075 describes a process for the preparation of a polymeric structure, in 
which a polymer is prepared by free-radical polymerization from the monomers in 
the presence of a crosslinking reagent and simultaneously in the presence of a 
substrate. Imprinting polymers are proposed for use in chromatography, in 
catalysis, as biosensors or as synthetic antibodies. G. Wulff gives an overview in 
Angew. Chem., Int. Ed. Engl. 34 (1995) 1812-1832. 

The imprinting technique, however, has a number of disadvantages. Thus the 
imprints show an unacceptable peak broadening and, as a rule, incomplete 
substance elution in the chromatographic test, the latter leading to the cross- 
contamination of further product fractions. Industrial application of the imprints in 
chromatography is thus essentially excluded. Likewise, the imprints as a rule have 
a low loading ability with substrate, essentially in the per thousand range, as a 
result of which, obviously, an only extremely small quantitative throughput can be 
achieved and an industrial separation process could only be carried out 
uneconomically. 

In J. Org. Chem. 63 (1998) 7578-7579, Menger et al. describe a process in which, 
starting from a combinatorial mixture, polyacrylic anhydride is reacted with three 
or four amines selected more or less at random, 14 different amine combinations in 
96 different concentration ratios leading to 1344 different polymers. The polymers 
were employed in the catalytic dehydrogenation of a beta-hydroxyketone, where, 
however, less than 1 per cent of all polymers were suitable for the catalytic process 
at all on account of the reaction rate. In connection with the experiments, it was 
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observed that the polymers gradually develop a better catalytic activity in the 
presence of the substrate. However, the polymeric structures with improved 
activity were not stabilized, but labile structures were obtained such that the 
catalytically more active structures were destroyed by changes in the pH or the 
temperature. 

It was therefore an object of the present invention to make available a process 
which does not have the disadvantages of the abovementioned processes. 

Accordingly, the present invention relates to a process for the preparation of a 
polymeric network, in which 

(i) one or more polymers are made available which can be crosslinked with 
one another intramolecularly or intermolecularly or intra- and 
intermolecularly by covalent or non-covalent bonding, 

(ii) the conformation of at least one of the polymers is adapted to at least one 
template compound with obtainment of at least one preferred conformation 
of the at least one polymer and 

(iii) at least one of the preferred conformations obtained according to (ii) is fixed 

by crosslinkage. 

The term "template compound", as is used in the context of the present application, 
includes all compounds on which at least one conformation of the at least one 
polymer employed is adaptable. Thus possible compounds are all those which lead 
to a preferred conformation of the at least one polymer employed by interaction 
with the polymer. The interaction must in this case not take place with the polymer 
per se, but can also take place with a polymeric structure which is derived from the 
polymer employed, as is described further below. 

Accordingly, template compounds which are possible are both chemical 
compounds and also biological structures, such as microorganisms, with respect to 
which, inter alia, e.g. pathogenic organisms, preferably viruses, bacteria or 
parasites may be mentioned. Likewise, for example, cells, fragments or 
constituents of cells, epitopes, antigenic determinants or receptors may be 
mentioned. 



In the process according to the invention, the concentration of the template 
compound employed in solution or suspension is basically freely selectable. 
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Preferably, the concentration is in the range from 0.25 to 300 mmol/1, based on the 
solvent or solvent mixture employed. The solvents in which the template is 
employed are likewise essentially freely selectable. Organic and aqueous solutions 
are preferred, preferred solvents being, inter alia, chlorohydrocarbons having up to 
three C atoms, nitriles such as acetonitrile, esters such as ethyl acetate, ketones 
such as methyl ethyl ketone or acetone, open-chain or cyclic ethers such as THF or 
dioxane or aromatic compounds such as toluene or xylenes or mixtures of two or 
more of these compounds. The pH range of the solutions is essentially freely 
selectable and can be coordinated with the polymers and the template compound. 
Preferably, the pH range during fixing is in the range from 3 to 12, preferably in 
the range from 4 to 9 and particularly preferably in the range from 6 to 8. 

The term "preferred conformation", as is used in the context of the present 
invention, designates a conformation of the polymer which results from one or 
more steps of the process according to the invention, the interaction enthalpy 
between the preferred conformation and the template compound being greater in 
amount than the interaction enthalpy between the template compound and that 
conformation which the polymer has before this one or before this number of steps. 

Preferably, this difference in amount in the interaction enthalpy is greater than 0.1 
kcal/mol, particularly preferably than 1 kcal/mol and very particularly preferably 
greater than 3 kcal/mol. 

As already indicated and described in detail further below, the polymeric networks 
prepared according to the invention can be employed, inter alia, in substance 
separation processes. It is obviously possible here that substances which are to be 
separated under the reaction conditions which occur during the preparation of the 
polymeric network are not stable or only inadequately stable or, for example, are 
not available. In this case, for example, compounds which are homologous to or 
structurally related to the substances to be separated, preferably isosteric, can be 
employed as template compounds. 

The adaptation of the conformation can be carried out here, inter alia, by 
interaction of the polymer with the template compound. It is also possible, for 
example, that two or more polymer strands of polymers which are identical to or 
different from one another are crosslinked and the resulting polymeric structure 
interacts with the at least one template compound and thus the conformation of the 
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polymeric structure and thus also the conformation of the polymer employed is 
adapted to the template compound. 

It is furthermore possible that, by intramolecular crosslinkage of a polymer strand, 
a conformation is formed which interacts with the at least one template compound, 
the conformation of the polymer being adapted to the at least one template 
compound. Embodiments in which such an intramolecular crosslinking takes place 
are possible in the context of the present invention in the case of all suitable 
polymers. Polymers are particularly preferred which have a molar mass of more 
than 10 000 g/mol, further preferably of more than 30 000 g/mol and particularly 
preferably of more than 100 000 g/mol. 

Furthermore, the present invention also includes embodiments in which the 
adaptation of the conformation is carried out such that, in the absence of the at 
least one template compound, polymeric structures are synthesized by inter- or 
intramolecular crosslinking whose conformations are adapted to the at least one 
template compound by specific selection of the at least one polymer and/or of the 
at least one crosslinking reagent employed. In this case it is possible, for example, 
that the steps (ii) and (iii), as mentioned above, can be carried out in one step. In 
the case of crosslinkage in the absence of the at least one template compound, 
however, it is also possible that polymeric structures are synthesized which are 
roughly adapted to the at least one template compound, where a more accurate 
adaptation can be carried out by further crosslinking steps in the presence or 
absence of the at least one template compound. 

Accordingly, all polymers which can be crosslinked intra- and/or intermolecularly 
and which can interact per se or after crosslinking with the at least one template 
compound can be employed in the process according to the invention. 

In the context of the present invention, the term "interaction" is understood as 
meaning all suitable covalent and non-covalent interactions. 

Possible interactions of the at least one polymer or one polymeric structure 
employed, which is synthesized, for example, by intra- or intermolecular 
crosslinking, as described above, with the at least one template compound are, inter 
alia: 

hydrogen bonds; 
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dipole-dipole interactions; 
Van der Waals interactions; 
hydrophobic interactions; 
charge-transfer interactions, eg. n-n interaction; 
5 - ionic interactions; 

coordinative bonding, e.g. to transition metals; 
combinations of these interactions. 



Obviously, covalent bonds between polymer and/or polymeric structure and the at 
1 0 least one template compound are possible. If the polymer network prepared in the 
process according to the invention is used in, for example, substance separation 
processes, interactions between polymer and/or polymeric structure and the at least 
one template compound are particularly preferred, by means of which the at least 
one template compound is reversibly bonded. 

15 

If the at least one polymer employed interacts per se with the at least one template 
compound, according to the process according to the invention it has at least one 
functional group by means of which this interaction can be formed. If the 
conformation of the polymer which is formed by interaction with the at least one 
20 template compound is fixed by crosslinkage, it is possible, inter alia, that the 
crosslinkage takes place via the functional group via which the interaction with the 
at least one template compound was formed. Preferably, the polymer has at least 
one further functional group via which the crosslinkage takes place. 

25 The term "functional group", as is used in the context of the present invention, 
accordingly includes all chemical structures via which covalent and/or non- 
covalent interactions can take place. In particular, hydrocarbon chains and further 
structural units via which Van der Waals interactions can be formed also come 
under the term of functional group. 

30 

A particularly suitable structure of the polymers employed is accordingly present if 
the functional groups in the polymer which are capable of interaction are able, 
according to type and/or number and/or density and/or distribution, to bond a 
specific template compound. Very particularly suitable polymers are those which 
35 are able to bond a specific template compound bi-, tri-, oligo- and/or polyvalently 
in more than one molecular position. Accordingly, two or more functional groups 
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which are optionally spatially separated by at least one group which is inert to an 
interaction can be responsible for the interaction. 

The term "in the polymer", as is used in the context of the present invention, 
relates, inter alia, to polymers in which the at least one functional group which is 
used for the formation of the interaction with the substrates and/or for the 
crosslinking is present in the polymer strand. The term likewise relates to polymers 
in which the at least one functional group is present in at least one side chain of the 
polymer strand, and also to polymers in which at least one type of a functional 
group is present both in the polymer strand and in at least one side chain of the 
polymer strand. 

Accordingly, in the process according to the invention generally both derivatized 
and non-derivatized polymers can be employed. 

The at least one functional group which is needed in the polymer for the formation 
of the interaction with the at least one template compound and/or for crosslinkage 
can accordingly already be present in the original polymer and does not necessarily 
have to be introduced into the polymer by subsequent derivatization. Inter alia, for 
example, the amino or formyl groups in polyvinylamine or, for example, the 
hydroxyl or acetyl groups in polyvinyl alcohol may be mentioned by way of 
example here. 

In the process according to the invention it is possible, inter alia, to "designate" the 
receptor-template interaction using made-to-measure receptor groups by 
derivatization of at least one polymer which is employed in the process in 
derivatized form. In the context of the present invention, the degree of 
derivatization can be influenced here such that the best possible interaction with 
the template is achieved. It is likewise possible to designate the adaptation of the 
conformation of the at least one polymer in the absence of the at least one template 
compound by specifically introducing certain crosslinking possibilities or 
interaction possibilities into the polymer, for example by means of the functional 
groups introduced by derivatization. 

If one or more polymers are first derivatized in the process according to the 
invention and then employed in the process according to the invention, the 
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derivatization can take place according to all suitable processes, for example 
processes known from the prior art. 

In order to equip polymers which have functional groups with receptor groups and 
5 to derivatize them in this way, three routes can be mentioned, inter alia, which are 
listed in M. Antonietti, S. Heinz, Nachr. Chem. Tech. Lab. 40 (1992) No. 3, pp. 
308-314. According to this publication, derivatized polymers are obtainable by 
means of random polymerization or copolymerization, by means of the preparation 
of block copolymers and by means of the preparation of surface-functionalized 
1 0 polymer particles. These preparation routes start from derivatized monomers from 
which the polymer is obtained. 

A further possibility of derivatizing polymers is the polymer-analogous reaction of 
polymers having functional groups with derivatizing compounds. 

Polymer derealizations are carried out, for example, on solid surfaces by 
heterogeneous reaction. This group includes, inter alia, carrier activation and 
carrier immobilization, in which a nucleophilic substance is customarily 
heterogeneously bonded to a polymer, e.g. epoxy polyacrylic ester or BrCN- 
sepharose, as is described, for example, in P. Mohr, M. Holtzhauer, G. Kaiser, 
Immunosorption Techniques, Fundamentals and Applications, Akademie Verlag, 
Berlin (1992), pp. 34-40. 

In a preferred embodiment, in the process according to the invention (i) a 
25 derivatized polymer can be made available which is prepared by reacting a 
polymer having at least one functional group with at least one activating reagent or 
a derivative of an activating reagent, where this reaction can take place 
homogeneously or heterogeneously, preferably homogeneously. 

30 As a rule, the activating reagent is in this case selected such that the at least one 
functional group of the polymer reacts with the activating reagent during the 
reaction and is thus improved in its reactivity in a subsequent reaction with a 
derivatizing agent. 

3 5 Accordingly, the present invention also describes a process in which the reaction 
product from the polymer having at least one functional group and the activating 
reagent is reacted with a derivatizing reagent. 
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In the context of this embodiment of the process according to the invention, the 
polymer having at least one functional group can be reacted simultaneously, i.e. in 
the sense of a "one-pot reaction" with at least one activated and/or at least one non- 
5 activated derivatizing reagent and/or an activating reagent. 

By means of this reaction of the activated polymer having at least one functional 
group with a derivatizing reagent, a desired radical can be introduced into the 
polymer. 

10 

If a polymer was reacted here with different activating reagents, these activated 
functional groups can have different reactivity to one or more derivatizing 
reagents. Accordingly, it is possible in the context of the process according to the 
invention to derivatize functional groups selectively in this manner. The term 

1 5 "selective" in this connection means that a polymer which has, for example, two or 
more functional groups which are different from one another is reacted with, for 
example, two different activating reagents such that a subsequent reaction with a 
derivatizing reagent for derivatization takes place mainly to exclusively on the 
activated functional group(s) which is or are activated with one of these two 

20 activating reagents, as a rule on the functional group(s) more reactively activated 
with respect to the derivatizing reagent. 

In the process according to the invention, it is furthermore possible to react the 
activating reagent before the reaction with the polymer having at least one 

2 5 functional group in order then to react this reaction product with the polymer 

having at least one functional group. 

The present invention therefore also describes a process, as described above, in 
which the derivative of the activating reagent is obtained by prior reaction of the 

3 0 activating reagent with a derivatizing reagent. 

A further embodiment of the present invention consists in reacting the polymer 
having at least one functional group with various produts from reactions of 
activating reagents and derivatizing reagents. Thus, for example, a mixture of 
3 5 compounds can be reacted with the polymer, the mixture of reaction products 
comprising an activating reagent and two or more different derivatizing reagents. 
A mixture is likewise possible that comprises reaction products of a derivatizing 
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reagent and two or more different activating reagents. Of course, it is also possible, 
should this be necessary, to employ a mixture which comprises reaction products 
of two or more different activating reagents and two or more different derivatizing 
reagents. Obviously, it is also possible in the context of the present invention to 
5 react the different reaction products of activating reagent and derivatizing reagent 
not as a mixture, but individually and in the desired sequence with the polymer 
having at least one functional group. 

Accordingly, the present invention also describes a process as described above, in 
1 0 which the polymer having at least one functional group is reacted with at least two 
different derivatives of an activating reagent and the reactions are carried out 
successively with one derivative in each case. 

Activating reagents which can be employed in principle are all activating reagents 
15 known from the literature. The article by P. Mohr, M. Holtzhauer, G. Kaiser 
already cited above, which in this respect is included completely by way of 
reference in the context of the present patent application, gives, for example, an 
overview on a whole series of activating reagents which can be employed for the 
activation of various functional groups. 

20 

In particular, chloroformic acid esters and chloroformic acid esters having 
electron- withdrawing radicals may be mentioned here. 

In particular, the present invention describes a process in which the activating 
2 5 reagent is derived from a compound of the following structure (I): 




(i) 



where R\ and R.2 are identical or different and can be straight-chain, branched- 
3 0 chain or bridged to give a carbocycle or a heterocycle and are selected such that the 
activating reagent or the derivative of the activating reagent can be reacted in 
homogeneous phase with the polymer having at least one functional group. 
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Ri and R 2 here can be, for example, cycloalkyl, cycloalkenyl, alkyl, aryl or aralkyl 
radicals having up to 30 C atoms. 



In a preferred embodiment, the present invention describes a process in which the 
5 activating reagent is derived from a compound of the following structure (I') 




where R 3 to Rio can be identical or different and can be hydrogen, straight-chain or 
1 0 branched-chain alkyl, aryl, cycloalkyl, heterocyclic and aralkyl radicals having up 
to 30 C atoms, or else two or more of R3 to Rio can in turn be bridged to give a 
carbocycle or heterocycle and are selected such that the activating reagent or the 
derivative of the activating reagent can be reacted in homogeneous phase with the 
polymer having at least one functional group. 
1 5 The present invention further describes a process in which the activating reagent 
has the following structure (II) 




(n) 



2 0 where R3 to Rio are as defined above. 

In a likewise preferred embodiment, the present invention describes a process in 
which the activating reagent is derived from a compound of the structure (II), as 
indicated above, where R3 to Rio is in each case hydrogen. 

25 

The compounds having the structures (I), (I) and (II) can be prepared by all 
customary processes known from the prior art. Such a process for ONB-C1 is 
given, for example, in P. Henklein et al., Z. Chem. 9 (1986), 
p. 329 ff. 

30 
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Using the activating reagents or the derivatives of activating reagents as described 
above, all polymers which have at least one functional group which is reactive with 
respect to the activating reagents can in principle be reacted. 

5 Very generally, polymers which have as at least one functional group a group 
which has at least one nucleophilic unit are employed in the process according to 
the invention. 

Preferred functional groups of the polymer having at least one functional group 
1 0 which may be mentioned are, inter alia, OH groups, optionally substituted amine 
groups, SH groups, OSO3H groups, SO3H groups, OPO3H2 groups, OPO3HR11 
groups, PO3H2 groups, PO3HR11 groups, COOH groups and mixtures of two or 
more thereof, where Rn in each case is selected such that the activating reagent or 
the derivative of the activating reagent can be reacted with the polymer having at 
15 least one functional group in homogeneous and/or heterogeneous phase. Likewise, 
the polymers having at least one functional group can also contain further polar 
groups, for example -CN. 

Both natural and synthetic polymers can be employed as the polymer having at 
20 least one functional group. Possible restrictions in the selection of the polymers 
only result in that the reaction of the polymer is performed in homogeneous phase 
in the context of the process according to the invention and from the later intended 
use of the derivatized polymer. 

25 In the context of this invention, the term "polymer" here obviously likewise 
includes higher molecular weight compounds which are designated in polymer 
chemistry as "oligomers". 

Without wishing to be restricted to certain polymers, the following may be 
3 0 mentioned, inter alia, as possible polymers having at least one functional group: 
polysaccharides, e.g. cellulose, amylose and dextrans; 
oligosaccharides, e.g. cyclodextrins; 
chitosan; 

polyvinyl alcohol, poly-Thr, poly-Ser; 
35 - polyethyleneimine, polyallylamine, polyvinylamine, polyvinylimidazole, 
polyaniline, polypyrrole, poly-Lys; 

poly(meth)acrylic acid (esters), polyitaconic acid, poly- Asp; 



poly-Cys. 
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Likewise, in principle not only homopolymers, but also copolymers and in 
particular block copolymers and random copolymers, are suitable to be employed 
5 in the present process. Here, both copolymers having non-funcfionalized 
components such as, for example, co-styrene or co-ethylene or alternatively 
copolymers such as, for example, co-pyrrolidone may be mentioned. 

If the polymers in the process according to the invention are derivatized in 
10 homogeneous liquid phase, then, in order to achieve optimum solubility, preferably 
mixed-functional or alternatively prederivatized polymers are employed. Examples 
of these which may be mentioned are, for example: 

partially or completely alkylated or acylated cellulose; 
polyvinyl acetate/polyvinyl alcohol; 
15 - polyvinyl ether/polyvinyl alcohol; 

N-butylpolyvinylamine/polyvinylamine. 

Likewise, polymer/copolymer mixtures can also be used. All suitable 
polymer/copolymer mixtures can be employed here, for example mixtures of the 
2 0 polymers and copolymers already mentioned above, where, inter alia, the 
following, for example, are to be mentioned here: 

poly(acrylic acid)/co-vinyl acetate; 

polyvinyl alcohol/co-ethylene; 

polyoxymethylene/co-ethylene; 

2 5 - modified polystyrenes, e.g. copolymers of styrene with (meth)acrylic acid 

(esters); 

polyvinylpyrrolidone and its copolymers with poly(meth)acrylates. 

All of these abovementioned polymers, which are accessible to derivatization, can 

3 0 obviously also be employed in underivatized form in the process according to the 

invention. 

If, as described above, the polymer having at least one functional group is reacted 
with an activating reagent such as a compound of the structure (II), then, as 
3 5 likewise described above, this reaction product can be reacted with a derivatizing 
reagent. 
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Here, in principle, all reagents which can react with the activated polymer and lead 
directly or indirectly to the desired derivatized polymer can be used. Inter alia, 
compounds which have at least one nucleophilic group are employed in the process 
according to the invention as derivatizing reagents. 

5 

For example, derivatizing reagents are used which have the general composition 
HY-R.12- Here, Y is, for example, O, NH, NR13 or S, where R12 and R13 can 
generally be freely selected. For example, they are an alkyl or aryl radical which is 
optionally suitably substituted. 

10 

In addition, it is also possible to react the activated polymer with nucleophilic 
chiral compounds. Examples of such chiral nucleophiles which may be mentioned 
are, for example: 

borneol, (-)-menthol, (-)-ephedrine, a-phenylethylamine, adrenaline, dopamine. 

15 

A further possibility is to react the activated polymer with a mono- or polyhydric 
alcohol or thiol containing an amino group in the process according to the 
invention. If the polymer comprising at least one functional group is activated, for 
example, with ONB-C1, the mono- or polyhydric alcohol containing the amino 
20 group or the mono- or polyhydric thiol containing the amino group reacts 
selectively with the amino group. The OH or SH groups thus introduced into the 
polymer can then be activated again in a further step with, for example, one of the 
activating reagents described above, whereby chain extensions and branchings are 
facilitated, depending on the functionality of the alcohols or thiols originally 

2 5 employed. 

In another embodiment of the process according to the invention already described 
above, the polymer having at least one functional group is reacted with an 
activated derivatizing reagent, the latter being obtained from the reaction of an 

3 0 activating reagent with the derivatizing reagent. 

In the process according to the invention, activated derivatives of amines, alcohols, 
thiols, carboxylic acids, sulphonic acids, sulphates, phosphates or phosphonic acids 
are preferably reacted with the polymer having at least one functional group, 
3 5 where, in turn in a preferred embodiment, the compounds are activated with ONB- 
Cl. 
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Inter alia, these activated derivatizing reagents which can be reacted with the 
polymer having at least one functional group thus have the following general 
structures (III) to (IX): 




(m) 



(IV) 



(V) 



(VI) 
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where R 3 to Rio are as defined above and R i4 to R 2 o are in general subject to no 
restrictions, for example can also have chirality, and in the process according to the 
5 invention are selected such that the reaction with the polymer having at least one 
functional group can be carried out in homogeneous phase. Here, the substituents 
R14 to R20 as a rule are selected depending on the desired interaction with the 
subtrate. Here, R M to R 2 o can be identical or different and are radicals containing 
hydrogen, a straight-chain or branched-chain alkyl, aryl or aralkyl radical having 
10 up to 30 C atoms or corresponding heteroatoms. 

Likewise, polyhydric amines, alcohols, thiols, carboxylic acids, sulphonic acids, 
sulphates, phosphates or phosphonic acids can be reacted with an activating 
reagent and this reaction product can be reacted with the polymer having at least 
1 5 one functional group, where here, in particular, polyols may be mentioned. 

Obviously it is also possible to activate derivatizing reagents which have two or 
more different types of the abovementioned functional groups and to react them 
with the polymer having at least one functional group. Examples which may be 
2 0 mentioned here, inter alia, are, for example, aminoalcohols. 
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In the context of the present invention, such polyhydric derivatizing reagents can 
selectively be partially or completely activated using an activating reagent and 
reacted with the polymer having at least one functional group. 

The reaction of the polymer having at least one functional group with an activated, 
polyhydric derivatizing reagent can also be used in the process according to the 
invention for polymer crosslinking and further for polymer stabilization and/or for 
polymer branching, in addition to the fact that a suitable polymer according to (i) is 
made available. 

Both the reaction of the polymer having at least one functional group with an 
activated derivatizing reagent and the reaction of the polymer having at least one 
functional group with an activating reagent and subsequent reaction of the product 
with a derivatizing reagent by the process according to the invention make it 
possible to prepare polymer derivatives which have very different spatial 
arrangements and accordingly can be used for a large number of applications in 
which this spatial arrangement is of crucial importance. 

Thus it is possible, for example, to realise arrangements which are constructed as 
hairy rods, comb polymers, nets, baskets, dishes, tubes, funnels or cages. 

In a likewise preferred embodiment, the present invention describes a derivative of 
the type under discussion here, which has at least one receptor group which has a 
bonding unit decisive for the bonding of a biological or synthetic chemical 
substrate. 

A made-to-measure derivative of this type for biological substrates then has 
corresponding receptor groups which have, for example, structures also occurring 
in nature or parts of structures of this type responsible for bonding, which can then 
interact with a biological substrate. Here in particular, for example, enzyme, amino 
acid, peptide, sugar, amino sugar, sugar acid and oligosaccharide groups or 
derivatives thereof may be mentioned. It is essential for the above receptor groups 
that the principle of bonding of a receptor with a substrate occurring in nature is 
exclusively retained here, such that, for example, synthetic enzymes, binding 
domains of antibodies or other physiological epitopes can be obtained by means of 
this embodiment. Inter alia, in the context of the present invention a derivative of a 
polymer having at least three functional groups is selected here, as described 



above, in which at least one receptor group is an amino acid residue or an amino 
acid derivative residue. Possible amino acids are, for example: 

amino acids having aliphatic residues such as glycine, alanine, valine, 
leucine, isoleucine; 

amino acids having an aliphatic side chain which includes one or more 
hydroxyl groups, such as serine, threonine; 

amino acids which have an aromatic side chain, such as phenylalanine, 
tyrosine, tryptophan; 

amino acids which include basic side chains, such as lysine, arginine, 
histidine; 

amino acids which have acidic side chains, such as aspartic acid, glutamic 
acid; 

amino acids which have amide side chains, such as asparagine, glutamine; 
amino acids which have sulphur-containing side chains, such as cysteine, 
methionine; 

modified amino acids, such as hydroxyproline, y-carboxylglutamate, O- 
phosphoserine; 

derivatives of the amino acids mentioned or optionally of further amino 
acids, for example amino acids esterified on the carboxyl group or 
optionally the carboxyl groups with, for example, alkyl or aryl radicals 
which can be optionally suitably substituted. 

Instead of the amino acid, the use of one or more di- or oligopeptides is also 
possible, where in particular homopeptides, which are only synthesized from 
identical amino acids, may be mentioned. An example of a dipeptide which may be 
mentioned is, for example, hippuric acid. Furthermore, beta-, gamma- or other 
structurally isomeric amino acids and peptides derived therefrom such as 
depsipeptides can also be used. 

Very generally, the activating reagents employed in the process according to the 
invention can be compounds of the general structure (X) 



O 




(X) 
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which are characterized in that Ro is a halogen atom or a radical (X') 




(X') 



and Ri', R 2 " Ri" and R 2 " are identical or different and are hydrogen, straight-chain 
or branched-chain alkyl, aryl, cycloalkyl, heterocyclic or aralkyl radicals having up 
to 30 C atoms or either Ri' and R 2 ' or Ri" and R 2 " or both Ri' and R 2 ' and Ri" and 
R 2 " are linked to at least one carbocycle or to at least one heterocycle or to at least 
10 one carbocycle and to give at least one heterocycle. In particular, compounds may 
be mentioned by way of example here which have the following structures (Xi) to 
(X 39 ): 




(xo 



(X 2 ) 



(X 3 ) 
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(Xjg) 



(X39) 



where R"' is hydrogen or a straight-chain or branched-chain, optionally substituted 
alkyl, aryl or aralkyl radical having up to 30 C atoms. 

In the context of the present invention, the crosslinkage according to (iii) can be 
achieved, for example, in that two or more strands of derivatized or underivatized 
polymer are reacted directly with one another. This can be achieved, for example, 
in that the groups introduced by derivatization are constituted such that covalent 
and/or non-covalent bonds can be connected between these groups. Very generally, 
it is possible that these covalent and/or non-covalent bonds are formed between 
groups which are attached to one polymer strand, and/or are formed between 
groups which are attached to two or more polymer strands, such that two or more 
polymer strands can be connected to one another via one or more sites by 
crosslinkage. 

Obviously, the bonding of the at least one polymer to the carrier material can also 
take place via functional groups which are present in the polymer itself or have 
been introduced into the polymer by suitable derivatization, as described above. 

Likewise, it is also possible to employ for crosslinkage one or more suitable 
crosslinking reagents with which, as described above, groups within a polymer 
strand and/or groups which are attached to a number of strands of optionally 
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different, optionally derivatized polymers can be crosslinked in a covalent and/or 
non-covalent manner. 



Inter alia, it is possible here, even in the selection of the at least one polymer, to 
5 design its composition for later crosslinkage. Furthermore, it is in particular 
possible in the context of the present invention to design the derivatizing reagent 
with respect to its chemical composition, inter alia, with regard to later 
crosslinkage even during derivatization. In particular, the derivatizing reagent can 
contain groups which are selective for covalent and/or non-covalent crosslinkage. 

10 

Possible crosslinking reagents in principle are all suitable compounds known from 
the prior art. Accordingly, the crosslinkage can be carried out, for example, in a 
covalently reversible manner, in a covalently irreversible manner or in a non- 
covalent manner, where in the case of crosslinkage in a non-covalent manner, for 
15 example, crosslinkages via ionic interaction or via charge-transfer interaction may 
be mentioned. Crosslinking processes or reagents of this type are described, inter 
alia, in Han, K.K., et al., Int. J. Biochem., 16, 129 (1984), Ji, T.H., et al., Meth. 
Enzymol., 91, 580 (1983) and Means, G. and Feeney, R.E. Bioconj. Chem., 1,2 
(1990). 

20 

With respect to non-covalent crosslinkage, an example which may be mentioned is, 
for example, crosslinkage by shifting the pH, when at least one basic and at least 
one acidic group are crosslinked with one another. Likewise, for example, non- 
covalent crosslinkage can take place when, in the case where two basic groups of, 

2 5 for example, polyallylamine are crosslinked with one another, a dibasic acid such 

as glutaric acid is added, or in the case where two acidic groups of, for example, 
polyacrylic acid are to be crosslinked with one another, a bifunctional such as 
ethylenediamine is added. Likewise, a non-covalent crosslinkage can be formed by 
way of example by complex-forming metal ions or by metal complexes with free 
30 coordination sites. Non-covalent crosslinkage is preferably reversible and can 
therefore be employed in a preferred use of the polymeric networks prepared 
according to the invention for rapid systematic interaction studies. Very generally, 
with respect to non-covalent crosslinkage, reference can be made to all possible 
interactions which have already been presented above with respect to the 

3 5 interaction between template and polymeric structure. 
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With respect to covalently reversible attachment, inter alia, bonding via disulphide 
bridges or via labile esters or imines such as Schiff s bases or enamines may be 
mentioned by way of example. 

5 The chain length of the crosslinking reagents is in general arbitrary and can be 
adapted to the requirements of the particular process. Preferably, the chain length 
in the case of crosslinking reagents which have a carbon chain is in the range from 
2 to 24 C atoms, preferably in the range from 2 to 12 C atoms and particularly 
preferably in the range from 2 to 8 C atoms. 



Crosslinking reagents which may be mentioned which can lead to covalently 
irreversible crosslinkage are, inter alia, bi- or polyfunctional compounds such as 
diols, diamines or dicarboxylic acids. Here, for example, bifunctional crosslinkers 
are reacted with the activated polymer derivative or the at least bifunctional 

1 5 activated crosslinking reagent is reacted with the non-activated polymer derivative. 
A covalently reversible crosslinkage can be realized, for example, by connecting a 
sulphur-sulphur bond to a disulphide bridge between two groups attached to one or 
two polymer strands or by formation of a Schiff s base. Crosslinking via ionic 
interaction can take place, for example, via two radicals, of which one, as a 

2 0 structural unit, has a quaternary ammonium ion and the other has, as a structural 
unit, for example 

-COO" or -S0 3 " 

2 5 A crosslinkage via hydrogen bridges can be formed, for example, between two 
complementary base pairs, for example via the following structure: 



10 



H 




/ 



H 
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Very generally, polymers to be crosslinked non-covalently can be synthesized in a 
complementary manner with respect to the crosslinking sites, structural units 
complementary to one another being, for example, acid/ triamine or 
uracil/melamine. Likewise, in the case of non-covalent crosslinkage the 
crosslinking reagent can be complementary to the crosslinking sites on the polymer 
strand. An example of this which may be mentioned would be, for example, an 
amine group on the polymer strand and a dicarboxylic acid as a crosslinking 
reagent. 

It is necessary in the context of the process according to the invention, with respect 
to a crosslinking step, to activate at least one of the functional groups which are 
involved in the crosslinkage, thus this is essentially possible according to all 
processes which are known from the prior art. In particular, the activation of a 
functional group can be carried out according to a process as is described in detail 
above in the activation and derivatization of polymers. 

If, in the process according to the invention, the crosslinkage takes place via the 
use of at least one crosslinking reagent, this crosslinking reagent can in particular 
be a condensation compound which is prepared by reaction of at least one 
functional group of a first low molecular weight compound having at least two 
functional groups with at least one functional group of at least one further second 
low molecular weight compound having at least two functional groups, which can 
be identical to the first or different from the first low molecular weight compound, 
with obtainment of a condensation compound, the process being characterized in 
that at least one of the functional groups involved in this reaction has been 
activated before the reaction by reaction with a compound of the structure (X) 



as defined above. 

(Activated) crosslinking reagents which may be mentioned are, by way c 
example, compounds of the following structures (XIi) to (XI, 7 ) mentioned below; 



c4 

o 




o 



o 
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(XI, 7 ) 



O 



An example of a crosslinking reagent to be used according to the invention which 
5 may be mentioned below is a dimeric crosslinker which is prepared from 
phenylalanine and leucine by the process described above: 




Phe-Leu-crosslinker 



10 Examples for the synthesis of a condensation compound to be used as a 
crosslinking reagent by the process according to the invention which may be 




Reaction route (B): 
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etc. 

By means of this process, in which activated or non-activated crosslinking reagents 
can be prepared, it is of course also possible specifically to prepare polymers 
which can be employed in the process according to the invention and whose 
5 conformation can be adapted to at least one template compound. It is possible here 
that by means of this process, in which a condensation compound is synthesized, a 
polymer is prepared which is derivatized by the process already described above. 
Likewise, it is also possible to prepare an already derivatized polymer. 

10 Very generally, in the case of covalent crosslinkage, inter alia, ester, amide, 
carbonate, hydrazide, urethane or urea compounds or thio-analogous or nitrogen- 
homologous bonds can be formed. 

In a preferred embodiment of the process according to the invention, the 
1 5 conformation of at least one of the polymers is adapted in the presence of at least 
one of the template compounds according to (ii). 



Accordingly, the present invention relates to a process such as described above, 
characterized in that the adaptation according to (ii) is carried out in the presence 
of at least one of the template compounds. 

Inter alia, it is possible here to dissolve or to suspend the at least one polymer in 
one or more suitable solvents and to mix it together with the at least one template 
compound. 

Inter alia, at the same time it is possible to add the at least one polymer to a 
solution in which the at least one template compound is present dissolved in at 
least one solvent, where the template compound can also be present in suspended 
form. Microparticles, for example, may be mentioned as a template compound 
which can be present in suspended form. 

Inter alia, it is further possible to add at least one template compound to a solution 
in which the at least one polymer is present in dissolved or suspended form in at 
least one solvent. 

Obviously, two or more solutions can also be mixed together, where in at least one 
solution the at least one polymer is present in dissolved or suspended form and in 
at least one further solution the at least one template compound is present in 
dissolved or suspended form. 

If two or more polymers which are different from one another and/or two or more 
different template compounds are employed, each polymer and/or each template 
compound can be dissolved or suspended separately in one or more suitable 
solvents and the individual solutions and/or suspensions can be mixed together. 

In this connection, embodiments are also possible in which a solution is employed 
which contains two or more solvents, in which the at least one polymer and/or the 
at least one template compound are both present in dissolved or in suspended form. 

Obviously, it is also possible to start from a template compound which is already 
present bonded to at least one polymer, for example in the form of a complex or 
covalently, preferably covalently reversibly bonded. At the same time, the polymer 
to which the template compound is bonded can be a polymer whose conformation 
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is adapted to this or another template compound in the further process. It is 
likewise possible to introduce the template compound into the process via this 
polymer, but the conformation of the polymer is not adapted in the further process 
to this or another template compound, the polymer remaining in the polymeric 
5 network or being removed from the polymeric network by a suitable process. 

In one embodiment of the process according to the invention, at least one 
conformation of the at least one polymer which is formed in the solution or in the 
suspension or in solution and suspension in the presence of the at least one 
10 template compound is fixed by crosslinkage. All suitable methods are possible as 
regards the crosslinkage. 

In one embodiment of the process according to the invention, one or more 
crosslinking reagents are added to the solution or the suspension or the solution 
1 5 and suspension. 

In a further embodiment of the process according to the invention, the crosslinkage 
is carried out such that one or more covalent or non-covalent or covalent and non- 
covalent bonds are formed between at least one functional group of at least one 

2 0 polymer and one or more functional groups of at least one further polymer. In this 

case, the reaction conditions are preferably to be selected such that firstly the 
conformation of at least one of the polymers is adapted to at least one of the 
template compounds and the preferred conformation obtained is fixed by 
crosslinkage by specific choice of the reaction conditions. 

25 

The functional groups of the respective polymers between which the bonds are 
formed can in this case themselves be present in the respective polymer strand. 
Likewise, it is also possible that at least one of the functional groups involved is a 
constituent of one or more side chains of the respective polymer. Likewise, at least 
30 one side chain of at least one of the polymers involved can also have two or more 
functional groups which are capable of the formation of the covalent or non- 
covalent bonds. 

Obviously, process embodiments are also possible in which two or more functional 

3 5 groups of the polymers involved, which can be identical to or different from one 

another, react directly with one another intra- or intermolecularly with formation of 
at least one covalent or non-covalent bond and two or more functional groups of 
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the polymers involved, which can likewise be identical to or different from one 
another, are intra- or intermolecularly crosslinked via at least one crosslinking 
reagent. 

5 Obviously, the present invention also comprises embodiments in which, for 
example, at least two similar or different crosslinking reagents are first reacted 
with one another with the formation of at least one covalent and/or non-covalent 
bond and with obtainment of a new crosslinking reagent. The new crosslinking 
reagent formed can then either be reacted with firstly at least one functional group 

10 of at least one polymer and then with at least one further functional group of at 
least one further polymer. Likewise, these reactions of the new crosslinking 
reagent can also proceed simultaneously. Obviously, the present invention also 
includes embodiments in which the adaptation according to (ii) takes place via the 
fixing according to (iii), such that in this case (ii) and (iii) are to be seen as at least 

15 one joint step. 

The crosslinkage via the reactions between two or more functional groups with or 
without crosslinking reagent can obviously take place both intra- and inter- 
molecularly. Accordingly, the present invention also includes embodiments in 
which exclusively intramolecular or exclusively intermolecular crosslinkages take 
place. The present invention further also includes processes in which crosslinking 
is carried out both intra- and intermolecularly, where in the case in which two or 
more different polymers are employed, the intermolecular crosslinkages take place 
exclusively between similar polymers or exclusively between different polymers or 
between both similar and different polymers. 

In a likewise preferred embodiment of the process according to the invention, the 
adaptation of the conformation of the at least one polymer and the attachment of 
the at least one preferred conformation obtained take place together. 

30 

This is realizable, for example, in that the at least one crosslinking reagent is 
brought into contact with the at least one polymer together with the at least one 
template compound. 

35 If the crosslinkage is carried out without crosslinking reagents, it is, for example, 
possible to select the reaction conditions such that the adaptation of the 
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conformation of at least one of the polymers and the crosslinkage take place 
together. 



Very generally, it is possible for at least one of the crosslinking reagents employed 
5 to have at least one functional group which is not used for the formation of the 
covalent or non-covalent bonds which lead to the crosslinkage of the polymers. 
With respect to this at least one functional group, it is furthermore possible for this 
to interact with at least one of the template compounds. Thus the process according 
to the invention accordingly also includes embodiments in which, in addition to at 

10 least one polymer, at least one crosslinking reagent also interacts with at least one 
template compound. Accordingly, it is also possible in the context of the present 
invention to adapt the conformation of at least one of the polymers to the at least 
one template compound by interacting both the polymer and the crosslinking 
reagent, which the polymer crosslinks intermolecularly, with a further polymer or 

15 which the polymer intramolecularly crosslinks with the at least one template 
compound. 

The preferred conformation obtained according to (ii) and fixed according to (iii) 
can thus also be influenced by the crosslinking reagent, where, inter alia, 
2 0 embodiments are also possible according to which a preferred conformation is 
synthesized such that crosslinking reagent, polymer and template compound 
interact with one another before attachment. 

In a preferred embodiment of the process according to the invention, a procedure is 
2 5 used here in which crosslinking reagent, polymer and template compound are first 
mixed together at low temperature, preferably in the range from 0 to -70°C, such 
that the interactions are developed, but the attachment by crosslinkage is largely 
suppressed. In a further step, the temperature is then increased in such a way that 
attachment takes place. 

30 

In the context of the process according to the invention, it is moreover also 
possible that the preferred conformation according to (ii) only results from 
interaction of at least one of the crosslinking reagents with the at least one template 
compound. It is accordingly possible, inter alia, that at least one crosslinking 
35 reagent first reacts with at least one polymer with formation of at least one 
covalent or non-covalent bond, and simultaneously or thereafter interacts with at 
least one of the template compounds, whereby a preferred conformation of the 
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reaction product of crosslinking reagent and polymer is formed, and this preferred 
conformation is attached by reaction of the reaction product of crosslinking reagent 
and polymer with a further polymer or by intramolecular crosslinkage. 

The present invention therefore also describes a process, as described above, which 
is characterized in that the preferred conformation according to (ii) is influenced by 
interaction of at least one crosslinking reagent with at least one template 
compound. 

Of course, it is also possible for the preferred conformation to result from the fact 
that, by means of the reaction of two or more functional groups which can be 
constituents of one or more side groups of one or more polymers, a structure 
results which interacts with at least one template compound in such a way that a 
preferred conformation results which is attached by crosslinkage with at least one 
crosslinking reagent or by reaction of at least two functional groups of the at least 
one polymer which contains the preferred conformation. 

In a further preferred embodiment, in the context of the process according to the 
invention the adaptation of the conformation according to (ii) takes place in two or 
more steps. 

Accordingly, the present invention also relates to a process, as described above, 
characterized in that the adaptation of the conformation of the at least one polymer 
takes place in at least two steps. 

Inter alia, it is possible, for example, in this respect to bring at least one polymer 
into contact with at least one template compound in a first step according to a 
process, as described in detail above, and thereby to deform the conformation of 
the at least one polymer. In a second step, for example, at least one further 
template compound, which is different, for example, from the at least one template 
compound added in the first step, can then be added. It is thereby also possible to 
adapt the conformation of the at least one polymer to the at least second template 
compound. 

Likewise, it is possible that at least two polymers which are different from one 
another are employed and, by addition of the at least one template compound in a 
first step, the conformation of a polymer is adapted to the at least one first template 
compound, and by addition of at least one further template compound in a second 
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step the configuration of the other polymer is adapted to the at least one further 
template compound. 



It is likewise possible to employ more than two polymers which are different from 
5 one another and, in one step in each case, to adapt the conformation of a polymer 
to the at least one template compound added in one step in each case. 

Inter alia, it is possible in this connection to employ a number of polymers which 
are different from one another and by specific choice of the reaction conditions to 

10 adapt the conformation of a first polymer to a template compound in one step and 
to adapt the conformation of a polymer which is different from the first to the same 
template compound in a further step under modified reaction conditions. Here, the 
template compound can in each case be added both in the first step and in the 
second step. However, it is also possible to add sufficient template compound as 

15 early as in the first step such that template compound no longer has to be added in 
one of the following steps for the adaptation of the polymer conformation. 
Obviously, the present invention also includes an embodiment of the process in 
which in one step, by means of the deformation, the reaction conditions change by 
themselves in such a way that the adaptation of the conformation of the identical or 

2 0 of a further polymer to the template compound takes place without influence on the 
reaction conditions from outside. Inter alia, what is in mind here is, for example, a 
temperature change and/or change of the viscosity in the system. It is likewise 
possible that by means of the adaptation of the conformation, the state of 
aggregation of one of the reactants changes in one step. Thus it is possible that by 

2 5 means of addition of template and change in the conformation, a polymer which 

was present in dissolved form changes into the suspended state as a solid. 
Likewise, a suspended polymer can go into solution. 

In a preferred embodiment of the process according to the invention, in at least one 

3 0 step the conformation of the at least one polymer which results from the adaptation 

is fixed by crosslinkage. The present invention therefore also describes a process, 
as described above, characterized in that the adaptation of the conformation 
according to (ii) takes place in at least two steps and the conformation is fixed at 
least once by crosslinkage. 

35 

Inter alia, it is possible here that the conformation of at least one polymer, as 
described above, is adapted in one step and this at least one conformation is fixed 
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by crosslinkage, as described above. In a further step, at least one conformation of 
the same or of another polymer is adapted to at least one template compound, 
where this at least one template compound can be identical to or different from that 
employed in the first step. The preferred conformation which is obtained in this 
5 further step can be fixed either by crosslinkage or alternatively not be fixed. 

In a preferred embodiment of the process according to the invention, at least the 
preferred conformation which results from the last adaptation step is fixed by 
crosslinkage. In a further preferred embodiment, functional groups which may be 

1 0 present, which lie, for example, on the outside of the polymer network, are reacted 
with at least one end-capping reagent. As an end-capping group, in principle any 
group can be selected which makes a functional group inert or to the greatest 
extent inert to certain interactions. The end-capping group which can be used here 
is any suitable group according to the prior art. Depending on the substrate, it is, 

1 5 for example, possible that the end-capping group selected is a group which is not 
an H donor. Preferably, 



2 0 is employed here, particularly preferably 




Sterically demanding end-capping groups such as a t-butyl radical or an optionally 
2 5 suitably substituted benzyl radical are further preferred. 

By means of the end-capping process or by means of other suitable subsequent 
reaction, it is very generally possible to introduce additional, as a rule non-specific, 
interaction sites into the polymer network. 




— N 




30 
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A process is likewise preferred in which, in the case where the adaptation is carried 
out in two or more steps, after each step the preferred conformation obtained from 
this step is fixed by crosslinkage. 

The present invention therefore also relates to a process, as described above, 
characterized in that, after each step the preferred conformation obtained from this 
step is fixed by crosslinkage. 

With respect to the procedure, reference can be made to the adaptation and 
crosslinkage, as described above. In particular, it is possible to carry out the 
adaptation and crosslinkage successively or simultaneously in one step, as is 
likewise described above. 

Obviously, in the context of the process according to the invention it is also 
possible that at least one of the template compounds is not present in one or 
alternatively a number of steps in which the conformation of at least one polymer 
is adapted to at least one template compound. 

The present invention therefore also relates to a process, as described above, 
characterized in that at least one step is carried out in the absence of the at least one 
template compound. 

Thus it is possible, inter alia, that by intramolecular crosslinkage of a polymer or 
two or more different polymers or by intermolecular crosslinkage of a polymer or 
two or more different polymers the conformation can be influenced such that the 
preferred conformation resulting from crosslinkage is adapted to one or more 
template compounds. In particular, it is possible here that the chemical structure of 
the polymers and/or the specific nature of the at least one crosslinking reagent are 
selected such that the at least one preferred conformation, which results from the 
crosslinkage, is adapted to at least one template compound. 

It is further also possible in this respect that the conformation is adapted without 
crosslinkage in the absence of the at least one template compound in one or more 
steps. Inter alia, it is possible here that the conformation is influenced in a first step 
by addition of at least one crosslinking compound without crosslinking taking 
place, where here too the cases are included in which, for example, although a 
crosslinking reagent reacts with one or more polymers, the preferred conformation 
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is still not fixed. 

In a preferred embodiment, the process according to the invention is carried out in 
such a way that the at least one preferred conformation which is obtained from 
5 each step is fixed by crosslinkage irrespectively of whether the adaptation takes 
place in the presence or absence of the at least one template compound. 

With respect to the embodiment in which the at least one template compound is not 
present in one or more steps in which an adaptation takes place, it is possible, inter 

1 0 alia, to adapt the at least one conformation of the at least one polymer stepwise to 
the at least one template compound. In a first step, for example, a conformation can 
be fixed here which is only roughly adapted to the at least one template compound. 
In a further step, the conformation fixed in the first step can again be influenced 
and the conformation obtained, which is now better adapted to the at least one 

15 template compound than the conformation fixed in the first step, can be fixed. This 
process can be continued until the conformation corresponds to the desired 
preferred conformation. 

All suitable processes can be employed for this stepwise adaptation of the 
2 0 conformation. 

As an example of a stepwise adaptation, inter alia, the possibility may be 
mentioned of employing, in a certain step, one or more crosslinkers whose chain 
length is shorter than that of the crosslinkers of the preceding step. In this manner, 

2 5 it is possible, for example, for a conformation resulting from crosslinkage, in the 

form of a two- or three-dimensional pore, to be made narrower stepwise. 
Obviously, the present invention also includes embodiments of the process in 
which in any two or more steps the same crosslinkers are employed, these 
crosslinkers crosslinking, for example, different polymers in each case in different 

3 0 steps, causing different intramolecular crosslinkages at various sites in a polymer 

or causing an intramolecular crosslinkage in one step, and an intermolecular 
crosslinkage in another step. 

Obviously, it is also possible to change the chemical structure of the crosslinker 
35 instead of the chain length or additionally to the chain length, such that in various 
steps various polymers in each case can be crosslinked and/or polymers can in each 
case be crosslinked with one another intra- and/or intermolecularly in various sites. 
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The present invention further also includes embodiments in which crosslinking is 
carried out in a first step and a crosslinkage takes place in any further step, which 
is realized by reacting the at least one crosslinking reagent, through which 
crosslinkage takes place in the further step, in the crosslinkage, for example, with 
5 at least one functional group which results due to the crosslinkage in the first step 
or is incorporated into the polymeric structure which was obtained from the first 
crosslinking step by at least one of the crosslinking reagents which are employed in 
the first step. 

1 0 Very generally, in a stepwise adaptation the nature of the at least one crosslinking 
reagent and the concentration of at least one of the crosslinking reagents can be 
varied in each step. Likewise, it is also possible, instead of this and/or additionally, 
to vary the reaction conditions such as nature of the solvent, pressure, temperature, 
pH of the solution and/or the suspension in which the crosslinkage takes place or 

1 5 one or more further suitable parameters. 

If the adaptation and/or the attachment takes place in a number of steps, the degree 
of crosslinkage which takes place per crosslinking step is essentially arbitrary. In a 
preferred embodiment, the degree of crosslinking per step is in the range from 2 to 

2 0 5%, a total degree of crosslinking of preferably 8 to 30% being achieved. The 
percentages with respect to one step are here in each case based on the number of 
monomer units of a polymer chain which is only crosslinked with one further 
polymer chain. The percentage with respect to the total degree of crosslinkage is 
based on the total of all monomer units in the polymer network. For the degree of 

25 crosslinking of a polymer chain which is crosslinked with two further polymer 
chains, values of the degree of crosslinkage per step in the range from 4 to 10% 
accordingly result. 

Owing to the crosslinkage, in the context of the process according to the invention 
30 a polymer network is constructed which has two- or three-dimensional cells via 

which the polymeric structure interacts with the at least one template compound. 

Particularly preferably, the degree of crosslinking and/or the crosslinking reagent is 

selected such that no multiple-layer solvate shells are formed in these interacting 

cells of the polymer structure. Preferably, this property of the interacting cells can 
35 be influenced by the chemical nature of the polymers and/or crosslinking reagents 

used, in that, for example, hydrophilic groups make solvent access to the 

interacting cell difficult when using polar solvents. 
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As far as the specific selection of the at least one polymer employed, the nature of 
the at least one crosslinking reagent, the variation of the chain length and/or the 
chemical structure of the crosslinking reagents, the degrees of crosslinking 
5 achieved and all further reaction parameters, such as described above by way of 
example, are concerned, predictions or estimates can be made in the process 
according to the invention, for example, by computer-modelling procedures. 

Obviously, it is also possible that the reaction conditions which are necessary for 
1 0 one step do not have to be imprinted from outside the system, but are established in 
the preceding step by themselves. Mention may be made by way of example here, 
for example, of temperature changes due to exo- or endothermic reactions, changes 
in the pH due to reaction products from crosslinking reactions or transition from 
homogeneous to heterogeneous reaction, which can take place, for example, if a 
15 polymer or any polymer structure no longer dissolves due to crosslinkage, but is 
present suspended as a solid. 

If the stepwise adjustment and attachment is carried out in the presence of the 
template compound, it is in particular possible that after each step the template 
20 compound is removed from the resulting polymeric structure and in the next step 
the same or another template compound is again added. In this respect, the 
template compound can be removed, for example, as a solution by means of 
filtration, osmosis or dialysis or removed from the solid support. 

25 All embodiments which are described above for steps which are carried out in the 
absence of the at least one template compound can obviously also be employed in 
steps in which the at least one template compound is present if the presence of the 
at least one template compound allows the specific embodiment. 

3 0 In a preferred embodiment, a polymeric structure which is adaptable to a number 
of template compounds which are different from one another is created by 
crosslinkage of a polymeric structure in one or more steps in the absence of the at 
least one template compound. For example, this can be carried out by producing by 
crosslinkage a polymeric structure which has two- and/or three-dimensional pores 

35 which are accessible to these template compounds and where the chemical 
structure of these pores is constituted such that the template compounds can 
interact with the pores. Inter alia, it is possible here that all pores are similar, 
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accessible to all different template compounds and are constituted such that the 
template compounds can interact with these pores. Obviously, it is also possible 
that two or more pores which are different from one another are formed, where 
each pore type can be accessible to at least one of the desired template compounds. 
5 Likewise, it is possible that some of the pores are not accessible to the desired 
template compounds, but are made accessible after further adaptation, for example 
by crosslinkage, as described above, to at least one of the desired template 
compounds. 

10 In a further preferred embodiment of the process according to the invention, at 
least one suitable support material is employed in the preparation of the polymer 
network. 

The term "suitable support material" here includes all support materials which can 
15 interact covalently or non-covalently with at least one of the polymers employed 

and/or with at least one structure which results from at least one step in which the 

adaptation according to (ii) and/or attachment according to (iii) takes place. 

Likewise, this term includes all support materials which can be crosslinked 

covalently or non-covalently with at least one of the polymers employed and/or 
2 0 with at least one structure which results from at least one step in which the 

adaptation according to (ii) and/or attachment according to (iii) takes place, using 

at least one crosslinking reagent. 

Accordingly, inter alia, support materials are possible which are soluble in the at 
25 least one solvent in which the polymeric network is prepared or are present 
suspended as solid. Likewise, it is possible that in the case where a solvent 
exchange takes place or a solvent is added during the preparation of the polymeric 
network the at least one support material which is firstly present suspended as a 
solid goes into solution or is firstly present dissolved and then present suspended as 
30 a solid. If two or more different support materials are employed, these can 
obviously be present separately from one another in solution or be suspended as a 
solid. 

In the case where the at least one support material is a solid, its surface can 
35 essentially be of any desired shape. Inter alia, for example, plane surfaces such as 
in the case, for example, of glass or metal plates or curved surfaces or surfaces 
embedded in porous materials such as tubular or spongy surfaces such as in, for 
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example, zeolites, silica gel or cellulose beads are possible. 

In particular, the present invention includes embodiments of the process according 
to the invention in which the polymeric network is prepared on at least one of these 
5 suitable support materials. 

The present invention accordingly also relates to a process, as described above, 
characterized in that the polymeric network is prepared on at least one support 
material. 

10 

Inter alia, it is possible here that the polymeric network is prepared first and then 
applied to the at least one support material. Likewise, it is possible that the 
polymeric network is prepared in the presence of the at least one support material 
and the polymeric network is then applied by, for example, crosslinkage to this or 

1 5 another support material. If the preparation of the polymeric network, as described 
above, is carried out in two or more stages, it is possible to bring the polymeric 
structure which results from any step into contact with the at least one support 
material and, for example, to apply it thereto by crosslinkage. If two or more 
different support materials are employed, it is possible to employ these together or 

2 0 alternatively separately from one another. In the case of stepwise preparation of the 
polymeric network, it is possible, for example, after each step to add support 
material, where, if appropriate, different support material can be employed in each 
case. 

2 5 Accordingly, the process according to the invention also opens up the possibility 

of influencing the conformation of the at least one polymer, which is adapted to at 
least one template compound in at least one step, via the at least one support 
material. In particular, the at least one support material can be a polymer or a 
polymer network, where a polymer network prepared according to the invention 
30 can also be employed as a support material. Here, inter alia, a general copying 
process is accessible which makes it possible, for example, to produce a number of 
consecutive positive and negative prints. 

In a preferred embodiment, the polymeric network is prepared according to a 

3 5 process in which the at least one polymer is applied in layers to at least one support 

material. 
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The term "layer", as is used in the context of the present application, here includes, 
inter alia, both layers in which the at least one polymer is applied in loose tangles 
and layers in which the at least one polymer is applied in largely untangled form. 

In a first embodiment, the at least one polymer is applied in such a way that it is in 
largely untangled structure, but is brought into contact with support material and/or 
polymer layer already applied as closely as possible above the theta point. In this 
embodiment, for the solution in which this at least one polymer is dissolved and 
brought into contact with support material and/or polymer layer, a solvent or 
solvent mixture is selected in which the polymer is present in largely untangled 
form, where obviously the untangled form of the polymer can be assisted by the 
specific choice of other reaction conditions such as temperature, pressure or pH. 
Here, an optimization preferably takes place between polymer folding and partition 
coefficients of the polymer which are as large as possible. For this preferred 
embodiment, polymers are very particularly preferably used which have a molar 
mass of less than approximately 30 000 g/mol. By means of this embodiment, the 
application of largely monomolecular polymer layers is favoured. 

In a second embodiment, solvent or solvent mixture or other reaction conditions 
are selected in such a way that the at least one polymer is found in the solution in 
the vicinity above the theta point. By means of this specific embodiment, which is 
very particularly preferably favoured by polymers having a molar mass in the 
range of more than approximately 30 000 g/mol, it is possible to favour the 
application of the polymer in loose polymer tangles. 

In a third embodiment, solvent or solvent mixture or other reaction conditions are 
chosen such that the at least one polymer is found in the solution in the vicinity 
below the theta point. Here, inter alia, it is possible to apply nanoparticles formed 
from the at least one polymer. 

Application in layers is possible, inter alia, by bringing into contact at least one 
suitable support material with a suitable polymer and the polymer being 
spontaneously arranged on the at least one support material in layers under the 
chosen reaction conditions, where at least one conformation of the polymer can be 
adapted and fixed in the presence or absence of the at least one template 
compound, as described above. Likewise, it is possible to employ two or more 
different suitable polymers simultaneously, which are arranged on the support 



- 50 - 

material spontaneously in layers under the chosen reaction conditions. Here too, at 
least one conformation of at least one of the polymers can be adapted and fixed in 
the presence or absence of the at least one template compound, as described above. 

On application, in principle all polymers such as those already described above can 
be employed. The molar mass of the polymers employed is preferably in the range 
from 2 000 to 100 000 g/mol, further preferably in the range from 5 000 to 
30 000 g/mol. 

Preferably, the application of one or more polymers in layers is carried out in 
individual steps. 

Accordingly, the present invention also relates to a process, as described above, 
which is characterized in that the at least one polymer is applied to the at least one 
support material in layers in at least two successive steps. 

As already described above, it is possible here, inter alia, to first prepare a 
polymeric structure which consists of two or more layers, where this can be carried 
out in one or alternatively a number of steps. In one or more further steps, this 
polymer structure can then be applied to the at least one support material, where, if 
appropriate, at least one further layer can be applied to the polymeric structure in 
one or more further steps. The adaptation of at least one conformation of at least 
one of the polymers involved can be carried out according to one or more of the 
embodiments already described above. Since it is possible in the process according 
to the invention to prepare nanoparticles, it is possible, in particular, to apply 
nanoparticles to the support material which are present in dissolved, colloidally 
dissolved or suspended form. 

In a preferred embodiment, in a first step one or more layers of at least one 
polymer are applied to at least one support material. In at least one further step, at 
least one further layer is then applied to the resulting structure. Each layer here can 
comprise identical polymers or alternatively two or more polymers which are 
different from one another. The adaptation of at least one conformation of at least 
one of the polymers involved can be carried out according to one or more of the 
embodiments already described above. 

In a particularly preferred embodiment, the application of the at least one polymer 
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in layers to the at least one support material is carried out according to a process in 
which a layer of a polymer is first applied covalently, preferably non-covalently, to 
at least one support material. In a further step, at least one crosslinking reagent is 
added in the presence or absence of the at least one template compound in such a 
way that the crosslinkers react via at least one functional group with the polymer 
applied to the support material, so that preferably a predominant part of the cross- 
linking reagents is able, in each case via at least one further functional group, to 
react with at least one further polymer which is applied in the next layer. In a next 
step, a further layer of at least one further polymer is then applied and crosslinked 
with the first polymer layer by reaction with the functional groups already 
mentioned. After this, one or more further steps can follow, in which crosslinking 
reagent in each case reacts with a polymer layer, at least one further polymer is 
added and a new polymer layer is formed via crosslinking with the polymer layer 
applied beforehand. Each step here can be carried out in the presence or absence of 
the at least one template compound. 

In the case of the preparation of the polymeric network in layers in the presence or 
absence of the at least one template compound, it is necessary under certain 
circumstances, in the case of the formation of a new layer, to avoid crosslinkages 
within at least one of the layers already applied to the support material and/or 
between the polymers which are intended to form the new layer. In this connection, 
three particularly preferred embodiments (a) to (c) may be mentioned, according to 
which this application in layers can take place, which with respect to (a) and (b) 
can further particularly preferably be used with non-specific or non-selective 
crosslinking reagents: 

(a) In a first process variant, the reaction of an already applied polymer layer 
takes place with the at least one crosslinking reagent at low temperature, 
the crosslinking reagent predominantly reacting at one end. The at least 
one, preferably dissolved, polymer for the next step is then added, the 
reaction conditions being varied in a suitable manner such that a reaction 
takes place mainly with the polymer then added. 

(b) In a second process variant, a polymer structure which comprises one or 
more polymer layers applied to at least one support material, is mixed 
together with a polymer solution from which the second polymer layer is to 
be formed, and at least one crosslinking reagent. By means of a suitable 
modification of the reaction conditions, which can be carried out slowly or 
rapidly, conditions are established in which the at least one crosslinking 
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reagent reacts simultaneously with the polymer layer already present and 
the polymers which are intended to form the next layer, with formation of 
this layer, the crosslinkage described above, which is to be avoided, being 
exceeded for entropy reasons by the preferred crosslinkage, which leads to 
5 the formation of the new layer. 

(c) In a third process variant, the reaction is carried out with two different 
temperatures or pHs or solvents or solvent mixtures or other differences in 
the reaction conditions using a specific or selective crosslinker. 

10 In a very particularly preferred embodiment, the method (a) is carried out such that 
the crosslinking reagent is brought into contact with the polymer layer applied last 
at temperatures at which the crosslinking reagent is statistically uniformly 
distributed over the polymer layer already present and at which a reaction of the 
crosslinking reagent with the polymer layer already present largely [lacuna]. The 

1 5 temperatures at which the reaction is carried out in this respect are as a rule in the 
range from 0 to -70°C. 

In the choice of the other reaction conditions such as, for example, pH, nature of 
the solvent, concentration of the crosslinking reagent in the solvent, in this 

2 0 preferred embodiment of the process care is also to be taken that the reaction of the 

crosslinking reagent with the polymer layer present largely does not occur until the 
crosslinking reagent is statistically uniformly distributed over the polymer layer 
already present. 

25 By means of appropriate variation of the reaction conditions, in a next step the 
statistically uniformly distributed crosslinking reagent is reacted with the polymer 
layer already present in such a way that the crosslinking reagent mainly reacts via 
one or more functional groups and at least one functional group of the crosslinking 
reagent, via which the crosslinkage to the next polymer layer takes place, does not 

3 0 react with the polymer layer already present. As a rule, this again takes place at 

low temperatures, these as a rule being in the range from 0 to -10°C. This is further 
favoured by the use of short-chain crosslinking reagents and/or the immobilization 
of the polymer layer. Possibilities as to how this crosslinkage can be induced, inter 
alia, are, for example, also application of ultrasound or photochemical 
3 5 crosslinkage. 

Obviously, it is also possible, in the case of appropriate crosslinking reagents 
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and/or in the case of an appropriate polymer layer already present, to control the 
reaction procedure described above by variation of the pH and/or variation of the 
solvents and/or by addition of modifiers, obviously combinations of one or all 
methods also being possible. 

5 

In this connection, reference can also be made to the specific methods which can 
be used as described above in order initially to suppress the bonding of a polymer 
and to stimulate it in a further step. 

According to method (a), in a next step a solution which comprises the at least one 
polymer, which is to be applied as the next polymer layer, is brought into contact 
with the reaction product of crosslinking reagent and polymer layer already 
present. The reaction conditions are then modified such that the reaction 
particularly preferably takes place between the non-reacted functional groups of 
the crosslinking reagent bonded to the polymer layer already present and the 
polymers to be applied as the next polymer layer. Inter alia, it is also possible here 
that the reaction conditions are influenced by addition of the solution which 
comprises the at least one polymer which is to be applied as the next polymer layer 
in such a way that a further modification of the reaction conditions no longer has to 
take place. 

With respect to this step of application of the next polymer layer, reference can 
also be made, inter alia, to the specific methods which can be used as described 
above in order first to suppress the bonding of a polymer and to stimulate it in a 

2 5 further step. 

In a likewise particularly preferred embodiment, the method according to (b) is 
carried out in such a way that the solution, comprising the at least one crosslinking 
reagent and the at least one polymer, is brought into contact with the last-applied 
30 layer of the at least one polymer under reaction conditions in which firstly no 
reaction takes place, but both crosslinking reagent and polymer to be applied are 
statistically uniformly distributed over the polymer layer already present. 

As already described in connection with the method (a), in a preferred embodiment 

3 5 this bringing into contact takes place at low temperatures, as a rule in the range 

from 0 to -70°C. 
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In the choice of the other reaction conditions such as, for example, pH, nature of 
the solvent, concentration of the crosslinking reagent in the solvent or 
concentration of the polymer to be applied in the solvent, in this preferred 
embodiment of the process care is also to be taken that the reaction of the 
5 crosslinking reagent with the polymer layer present and the reaction of the polymer 
to be applied with the crosslinking reagent largely does not occur and the 
crosslinking reagent and the polymer to be applied are statistically uniformly 
distributed over the polymer layer already present. 

10 In a next step, the reaction conditions are then modified in such a way that the 
crosslinking reagent reacts both with the polymer layer already present and with 
the polymer which is applied as the next layer. Here, it is possible, inter alia, that 
the crosslinking reagent reacts first with the polymer layer already present and then 
with the polymer to be applied with formation of the new polymer layer. Likewise, 

15 it is possible that the crosslinking reagent reacts simultaneously with the polymer 
layer already present and the polymer to be applied with formation of the new 
polymer layer. It is further possible that the statistically uniformly distributed 
crosslinking reagent reacts first with the statistically uniformly distributed polymer 
and the reaction product then reacts with the polymer layer already present with 

2 0 formation of the new polymer layer. If the reactions of the crosslinking reagent 

with the polymer layer already present on the one hand and the polymer to be 
applied on the other hand do not take place simultaneously, it is possible, by 
variation of the reaction conditions, first to carry out one of the reactions, and by 
further variation of the reaction conditions to carry out the other reaction. 

25 

As far as the modification of the reaction conditions is concerned, reference may 
be made here to all possibilities and combinations already described above. In 
particular, with respect to this step of the application of the next polymer layer, 
reference can also be made, inter alia, to the specific methods which can be used as 
30 described above in order first to suppress the bonding of a polymer and to 
stimulate it in a further step. Possibilities as to how this crosslinkage can be 
induced, inter alia, are, for example, also use of ultrasound or photochemical 
crosslinkage. 

3 5 Use of ultrasound or photochemical crosslinkage are obviously methods which in 

principle can be employed very generally in any crosslinking step such as is carried 
out in the context of the present invention. 
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The term "selective/specific crosslinking reagent" is understood in the context of 
the present invention as meaning a crosslinking reagent which has two or more 
different functional groups, of which at least one group, in comparison with at least 
5 one group which is different therefrom, preferably reacts with a functional group of 
a further polymer or the support material under given reaction conditions. The term 
furthermore includes those crosslinking reagents which have two or more identical 
functional groups, but whose chemical environment differs and/or which are steri- 
cally differently arranged and of which therefore at least one preferably reacts with 

10 a functional group of a further polymer or the support material under given 
reaction conditions. Likewise, this term comprises those crosslinking reagents 
which have functional groups which are identical to or different from one another, 
which therefore differ in selectivity/ specificity, because some of the functional 
groups are activated with an activating reagent according to a process such as 

1 5 described above. Obviously, in the compounds which have two or more different 
functional groups, one or alternatively a number of the functional groups can be 
activated with reactive groups which are optionally different such that the 
reactivity of one part of the optionally activated groups differs from the reactivity 
of the other part of the optionally activated groups. Combinations of two or more 

20 of the described influences, which act on the specificity/ selectivity, are obviously 
likewise possible. 

In a particularly preferred embodiment, the application in layers is carried out in 
the presence or, preferably, absence of the template such that a degree of 

25 crosslinking is present between the layers which leads to an insoluble, but 
swellable polymer network which preferably has interaction cells which are 
capable of interaction with the at least one template compound. In these interaction 
cells, in general, the functional groups of the swellable polymer network are on 
average in a steric arrangement which is favourable according to distance and 

3 0 angle with respect to the interaction with the at least one template compound. 

In a further preferred embodiment, the conformation of this swellable polymer 
structure is adapted in the presence of the at least one template compound to the at 
least one template compound in at least one layer and fixed by crosslinkage. 

35 

The present invention therefore also relates to a process, as described above, 
characterized in that the application in layers leads to a swellable polymer network 
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which has a conformation which is adapted to the at least one template compound 
in at least one further step in the presence of the at least one template compound 
and is fixed by crosslinkage. 

5 With respect to the application in layers to at least one support material, all suitable 
crosslinking reagents such as have already been described above can be employed. 

By way of example, bivalent epoxides, isocyanates, amidines, chlorotriazines or 
aldehydes may be mentioned. Those preferred are, for example, succinimide 

10 derivatives, particularly preferably ONB- and N-hydroxyphthalimide-activated 
reagents. In a further preferred embodiment, bivalent, symmetrical or 
unsymrnetrical crosslinking reagents are employed. For example, activated 
dicarboxylic acids may be mentioned here. In a further embodiment, specific or 
selective crosslinkers are employed. These can be, for example, polybasic 

1 5 carboxylic acids, diamines, diols or further suitable compounds which are activated 
with different reactive groups. Likewise, they can be compounds having at least 
two functional groups which are different from one another, which on activation 
with one compound or with two or more compounds which are different from one 
another on activated groups which are different from one another have different 

2 0 reactivity. 

The chain length of the crosslinking reagents is essentially arbitrary and can be 
adapted to the particular requirements of the reaction procedure and/or to the 
polymers employed and/or to the at least one template compound. The chain length 
25 here can reach from 2, such as oxalate, up to chain lengths of oligomers or 
polymers. The chain of the crosslinker itself can be aliphatic and/or araliphatic 
and/or aromatic and for its part can carry functional groups which, for example, 
have been introduced specifically into the chain, for example by a process for the 
preparation of a polycondensation product, as described above, and which are 

3 0 suitable for interaction with the at least one template compound and/or for a further 

crosslinkage, as is the case, for example, with, inter alia, oligoethylene oxide. 

In a very particularly preferred embodiment, the last crosslinking step which takes 
place in the adaptation of the conformation of the polymeric network and the fixing 
35 of the preferred conformation of the polymeric network is carried out by a rigid 
crosslinking reagent such as, for example, terephthalic acid or biphenylcarboxylic 
acid. Obviously, this crosslinkage by a rigid crosslinker can be carried out either 
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with polymeric networks prepared in solution or on a support. 

For the preparation of the swellable polymer network, inter alia, crosslinking 
reagents with flexible chains having a chain length in the range from 4 to 24 atoms, 
5 particularly preferably from 8 to 12 atoms, are preferably employed. 

On application of a layer of at least one polymer to the at least one support 
material, a solvent or solvent mixture is very particularly preferably used in which 
the at least one polymer is largely present in denatured form, for example above 
10 the theta point. By means of this very particularly preferred embodiment, the 
deposition of a monomolecular layer of the at least one polymer on the at least one 
support material is favoured. In a likewise very particularly preferred embodiment, 
this deposition of monomolecular layers is furthermore promoted by the specific 
use of polymers having molar masses of less than 30 000 g/mol. 

15 

Obviously, it is of course also possible to work in the vicinity of the theta point, 
whereby, for example, the deposition of loose polymer tangles on the at least one 
support material can be achieved. With respect to this embodiment, polymers are 
preferred whose molar mass is in the range from approximately 30 000 to 

2 0 approximately 1 00 000 g/mol. 

In this respect, the deposition can also be promoted by addition of at least one poor 
solvent and/or by modification of the pH and/or by addition or buffers and/or salts 
and/or suitable organic auxiliaries. It is likewise possible to concentrate the 
25 solution in which the at least one polymer is present in dissolved or suspended 
form, where in a particularly preferred embodiment the concentration of the at least 
one polymer in the liquid phase is kept approximately constant. On account of this, 
it is possible to apply the at least one polymer approximately quantitatively as a 
layer on the at least one support material. 

30 

As far as the deformation of the conformation of the at least one polymer into a 
preferred conformation and the subsequent crosslinkage, this is preferably carried 
out in the process according to the invention in all procedures outlined above in 
solution or on a support, very particularly preferably such that, in order to achieve 

3 5 the establishment of the preferred conformation of the polymer in the presence of 

the template compound, the reaction is carried out at high temperatures, preferably 
in the range from more than 50°C, particularly preferably in the range from 60 to 
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105°C and further particularly preferably in the range from 70 to 80°C. Obviously, 
this temperature range can be tailored to the solvent or solvent mixture employed. 
In a further step, the crosslinking reagent is added at low temperatures, preferably 
in the range from 0 to -70°C, whereby a statistically uniform distribution of the 
5 crosslinking reagent over the polymer is preferably achieved. By suitable variation 
of the reaction conditions, as already described above, following this the reaction 
of the polymer with the crosslinking reagent is induced. 

In a likewise preferred embodiment, the process is carried out with respect to all 
1 0 procedures in such a way that on applying the polymer a solvent or solvent mixture 
is employed in which the polymer is close to the insolubility limit, whereby the 
distribution coefficient for the application of the polymer assumes a favourable 
value. Particularly preferably, the process is carried out such that the polymer is in 
the vicinity of the theta point. In this preferred manner of carrying out the reaction, 
15 it is avoided, inter alia, that the polymer precipitates. 

The at least one solvent is further preferably selected in such a way that the 
interactions of the interaction cells, such as are described in the context of the 
present invention, with the solvent are largely negligible compared with the 
2 0 interactions of the interaction cells with the template compound. 

The deformation in the presence of the template compound is further preferably 
performed in solvent mixtures of defined polarity depending on the functional 
groups which [lacuna] on the crosslinker and/or in the polymer strand and/or in the 

2 5 side chains of the polymer which, for example, form the abovementioned 
interaction cells. In particular, organic and/or aqueous solvents are suitable here, 
the pH of the solutions further preferably being in the range from 4 to 9 and 
particularly preferably in the range from 6 to 8. As solvents which are preferred, 
inter alia, mention may be made, for example, of chlorohydrocarbons having up to 

30 3 carbon atoms, such as chloroform, or nitriles, such as acetonitrile, or esters, such 
as ethyl acetate, or ketones, such as methyl ethyl ketone or acetone, or open-chain 
or cyclic ethers such as methyl tort-butyl ether or tetrahydrofuran or dioxane, or 
optionally suitably substituted aromatics such as toluene or xylene, or mixtures of 
two or more thereof. 

35 

In a particularly preferred embodiment, the adaptation of the conformation of the 
polymer to a template compound is carried out in accordance with the process 
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according to the invention in a solvent mixture and under reaction conditions in 
which the polymer is largely insoluble, but the template compound is soluble. 

In an embodiment which is preferred, inter alia, all process steps, individually or in 
5 suitable combinations, can be carried out as combinatorial test methods. 

It is possible here, for example, to adapt the conformation of a polymer or of a 
polymeric structure which, for example, is preferably applied to a support, in a 
combinatorial test method to a number of different template compounds and to 
10 crosslink the resulting preferred conformations, identical polymers or polymeric 
structures in each case being brought into contact here with different template 
compounds in each case. 

Likewise, it is possible, for example, to react identical template compounds with a 
15 number of different polymers or polymeric networks in each case and, for 
example, to crosslink the preferred conformations obtained. 

Obviously, it is also possible to carry out process steps in the preparation of the 
polymeric network in combinatorial test methods, where it is possible, inter alia, to 
vary the support, the polymer, for example with respect to the degree of derivatiza- 
tion and/or the number and nature of the receptor groups, the crosslinking reagent, 
for example with respect to the chain length, the number and/or the nature of the 
functional groups, the degree of crosslinkage in the polymeric network or 
alternatively the number of layers applied to the support. 

Additionally preferably, these combinatorial test methods can be coupled with 
statistical experimental planning. Such combinatorial or statistical/combinatorial 
methods can accordingly also be used for the preparation of the polymer 
derivatives as described above, crosslinking reagents, for the preparation of a 
polymeric network on a support or in solution or alternatively for testing the 
polymeric network in application areas such as are described, for example, below. 

Particularly suitable for these combinatorial or statistical/combinatorial test 
methods are, inter alia, flow processes, variants such as automation by means of 
3 5 valve circuits, reagent recycling or stop-flow techniques also being possible. These 
flow processes can be employed under suitable boundary conditions even for the 
production of relatively large amounts of the polymer derivatives as described 
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above, crosslinking reagents and polymer networks on a support or in solution. 

In addition to the process for the preparation of the polymeric network, the present 
invention also relates to the polymeric network itself, which is preparable 
5 according to a process as described above. 

In a likewise preferred embodiment, polymeric networks in the form of clusters, 
microlatices and/or nanoparticles are obtained from the process according to the 
invention. These can be processed further as a true solution, or as a colloidal 

10 solution or suspension. In particular, these clusters, microlatices and/or 
nanoparticles can be crosslinked covalently and/or non-covalently to layers, for 
example to membranes or solids, which, for example, can be porous. This 
crosslinkage can in turn also take place according to the process according to the 
invention, and the resulting structure can be adapted to one or more template 

15 compounds and fixed by means of this crosslinkage. By specific choice of the 
preparation and of the procedure, for example by addition of, for example, suitable 
pore formers, stabilizers, detergents, protective colloids, suitable solvent mixtures, 
by the manner of stirring, ultrasonic treatment or particle generation by spraying, it 
is possible, for example, to prepare preferably round particles having a specific 

2 0 porosity. 

Inter alia, two methods for the preparation of the clusters, microlatices and/or 
nanoparticles are particularly preferred in the context of the process according to 
the invention. 

25 

In one method, a polymer of sufficient molar mass, preferably having a molar mass 
in the range from 30 000 to 100 000 g/mol, is introduced in such a high dilution 
and/or under such further reaction conditions that the polymer is present largely in 
tangled form. In particular, the choice of the solvent which assists this tangled form 

30 is important here. With addition of crosslinker, these polymer tangles, if 
appropriate in the presence of template compound, are intramolecularly 
crosslinked without intermolecular crosslinkage taking place. The functional 
groups lying on the outside of the polymer tangle are also reacted with the 
crosslinking reagent here. By means of these outsides activated in such a way, it is 

35 then possible in a further step to crosslink the nanoparticles intermolecularly, 
where depending on the chain length of the crosslinking reagents via which the 
crosslinkage takes place and/or depending on the at least one template compound 
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which is optionally present in the intermolecular crosslinkage, the mesh width of 
the resulting structure, such as a porous membrane, can be controlled. 

In the other method, the process is carried out in such a way that the functional 
groups on the outside of the intramolecularly crosslinked polymer tangle are not 
reacted with crosslinker. In a further step, the solution which comprises the 
polymer tangles is concentrated, whereby, with sufficient concentration, the 
polymer tangles agglomerate to give three-dimensional structures by reaction of 
the functional groups lying on the outside. 

In contrast to the imprinting phases prepared according to the prior art, the polymer 
networks prepared according to the invention have, for example, the advantage of a 
significantly higher loading ability. The loading ability here indicates how many 
grams of a substrate are contained per gram of the coated support material. Values 
between 4 and 7% are typical here. With respect to the mass of the actually active 
polymer layer, this loading ability is already in the order of magnitude of 
preferably 30 to 50% with 3 layers. By the application of further polymer layers, it 
is thus possible to increase the percentage loading ability of the coated support 
material again markedly. 

While the imprinting phases have a loading ability which is customarily in the per 
thousand range, it is possible without problems to prepare polymer networks by the 
process according to the invention which have a loading ability in the per cent 
range. In the industrial application of the polymers prepared according to the 
invention, a significantly higher economy can thus be achieved. 

In principle, the polymeric networks prepared according to the invention can be 
employed in all suitable processes. Processes are particularly preferred here in 
which the at least one preferred conformation which is fixed by crosslinking and 
which is adapted to at least one template compound is utilized. Accordingly, 
application areas which may be mentioned are, for example, preferably substance 
separation processes such as liquid-chromatographic or gas-chromatographic 
processes, membrane separation processes, dialysis processes, or substance 
conversion processes such as homogeneous or heterogeneous catalysis. 

The polymers prepared according to the invention can further be employed 

as an assay or in a (rapid) test in combination with analytical or diagnostic 
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methods, courses and/or detection reagents, 

as a support for substances which are to be released, for example in a 

controlled manner, inter alia, under defined conditions, where "drug 

release" should be mentioned as a keyword here, 

as a sensor, indicator or detector on surfaces or in cavities, or 

as a medicament or vaccine for, for example, competitive inhibition or 

blocking of antigenic groups, for example of receptors or epitopes on cells, 

cell constituents, microorganisms, allergens, whereby, for example, passive 

immunization can be achieved. 

In a likewise preferred use, the polymeric network prepared according to the 
invention is employed in substance preparation processes. Examples of these 
which may be mentioned, inter alia, by way of example are reproduction processes. 
Here, using the polymers prepared according to the invention, copies of largely 
arbitrary (macro)molecular patterns can be prepared and these can in turn be 
copied, a duplicate of the original pattern which is isosteric, for example, 
preferably with respect to nanoenvironment, resulting. In the context of the process 
according to the invention, receptors of interest of a pattern can be scanned here 
and this negative converted into a positive isosteric to the receptor. The present 
invention therefore also describes the use of the process according to the invention 
in substance preparation processes. In the case where this embodiment is used in 
drug design, a novel, pharmacologically active substance can be bonded to the 
isosteric positive, for example, without side effects, tested or catalytically 
synthesized. The present invention thus also includes supralitho graphic 
reproduction techniques in the nano range, whose products can then in turn be 
employed, for example, for active immunizations. 

Accordingly, the present invention also relates to the use of a polymeric network, 
preparable according to a process as described above, in substance separation 
processes, substance conversion processes, substance preparation processes, 
substance recognition processes or for the detection of signals. With respect to 
signals which can be detected, optical, electrical or mechanical signals, inter alia, 
may be mentioned. 

The present invention is illustrated in greater detail with the aid of the following 
examples. 
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Example 1: Coating of silica gel SP 300-15/30 with poly(benzyl 
N-allylcarbamate) of degree of derivatization 14% and 
subsequent crosslinkage of the polymer with dodecanedioic acid 
bis(N-hydroxy-5-norbornene-2,3-dicarboximide) ester. 
Poly(benzyl-N-allylcarbamate) having a degree of derivatization of 14% (1.60 g) 
was dissolved in boiling glacial acetic acid (100 ml, about 117°C), diluted with 
dichloromethane (100 ml, 1.18 mol) after cooling and treated with pyridine 
(112 ml, 1.42 mol) in order to impair the solubility of the polymer. Subsequently, 
the resulting turbidity was eliminated using a few drops of glacial acetic acid. After 
addition of silica gel 300 A, 20 Dm (Daisogel SP 300-15/30) (10.02 g), the mixture 
was agitated on a shaker for 30 minutes and, after filtering off with suction through 
a glass frit, washed with dichromomethane (4 □ 50 ml). 

For crosslinkage, the coated silica gel was added to a solution of dodecanedioic 
acid bis(N-hydroxy-5-norbornene-2,3-dicarboximide) ester (46 mg, 83 Dmol) and 
triethylamine (36 mg, 0.35 mmol) in dichloromethane (60 ml) and the suspension 
was concentrated to dryness in vacuo (85 mbar, water bath 0°C). The coated silica 
gel was washed with tetrahydrofuran (60°C, 4 □ 25 ml), filtered off with suction 
and subsequently washed with dichloromethane (50 ml). 

For the second coating, poly(benzyl N-allylcarbamate) having a degree of 
derivatization of 14% (1.60 g) was dissolved in boiling glacial acetic acid (100 ml, 
about 117°C), diluted with dichloromethane (100 ml, 1.18 mol) after cooling and 
treated with 100 ml of pyridine (100 ml, 1.26 mol) in order to impair the solubility 
of the polymer. Dimethylaminopyridine (DMAP, 80 mg, 0.65 mmol) and further 
pyridine (12 ml, 0.15 mol) were then added. Subsequently, the resulting turbidity 
was eliminated using a few drops of glacial acetic acid. After addition of the silica 
gel which was reacted and coated with the crosslinker, as described above, the 
mixture was agitated on a shaker for 30 minutes and, after filtering off with suction 
through a glass frit, washed with dichloromethane (4 □ 50 ml). 

The coated silica gel was again crosslinked as described above and then coated 
with a third polymer layer, according to the second method. 

The mixture was swollen in dimethylformamide in a frit (30 min). By slowly 
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passing through a solution of diethylamine (2 ml, 1.42 g, 19.41 mmol) in DMF 
(40 ml), the residual activated crosslinker groups were deactivated. For complete 
deactivation, the mixture was rinsed a further four times with the filtrate solution. 
The mixture was then washed with tetrahydrofuran (60° C, HPLC grade, 
4 □ 50 ml) and with dichloromethane (4 □ 50 ml) and sucked dry. 

The coated silica gel was treated with glacial acetic acid (100 ml), the suspension 
was heated to boiling, and the solid was filtered off with suction, washed with 
dichloromethane (5 □ 50 ml), dried (110°C, 16 h) and sieved through a 45 Dm 
sieve. 

The final weight was 9.4 g. 

Example 2: Polymer deformation and subsequent crosslinkage 
Explanation of the compounds: 

Silica gel 300 A, 20 Dm (Daisogel SP 300-15/30), coated with 3 layers of 
poly(benzyl N-allylcarbamate) having a degree of derivatization of 7%, 
which are crosslinked to 2% with dodecanedioic acid bis(N-hydroxy- 
5-norbornene-2,3-dicarboximide) ester = (1), 

- succinic acid bis(N-hydroxy-5-norbornene-2,3-dicarboximide) ester = (2) 

A column packed with (1) was conditioned with 0.2% strength (10.5 mmol/1) 
5-methyl-5-phenylhydantoin solution (substrate) in CHC1 3 and a flow of 
0.6 ml/min, about 40 mg of the substrate being adsorbed on the column. 80 Dl of 
glacial acetic acid were then injected and the outflow was collected in two 
fractions: 

1 st fraction: From the injection up to the reattainment of the baseline after the 
substrate peak (6.1 min). 

18.2 mg of the substrate were contained in this fraction. Of 
this, the amount of substrate rinsed in by the eluent in this 
time of 7.32 mg was subtracted so that a value of 10.9 mg 
resulted for the amount rinsed out by the glacial acetic acid. 
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2nd fraction: From the reattainment of the baseline after the substrate peak up to 
the fresh adjustment of the equilibrium present before 
injection (6.1 to 80 min). 

72.2 mg of substrate were found in this fraction. As 88.7 mg 
had been rinsed in by means of the eluent in this time 
(73.9 min), the amount of substrate taken up from the 
stationary phase was 16.5 mg. 

After completion of the injection, the column was dismantled and cooled to 0°C 
(about 30 min). 

For the preparation of a crosslinker solution, (2) (186.2 mg, 0.423 mmol) was 
dissolved in 19.24 ml of 0.2% strength (10.5 mmol/1) 5-methyl-5-phenylhydantoin 
solution and triethylamine (0.76 ml) was added. This solution was rinsed into the 
system (without column) from a storage vessel cooled to 0°C. 

After the baseline was constant, the column was again incorporated into the system 
so that here it furthermore remained cooled to 0°C. The crosslinker solution was 
rinsed into the column at 5 ml/min. After the breakthrough of the crosslinker front 
(UV 265 nm), the flow was stopped. 

The column was again dismantled, furthermore cooled to 0°C for 30 min and then 
laid in a column thermostat (120 min, 25°C). 

The system (without column) was rinsed with tetrahydrofuran, and the column was 
incorporated into the system again after a reaction time of 120 min and rinsed with 
50 ml of tetrahydrofuran (1 ml/min). 

For the deactivation of the still remaining free N-oxy-5-norbornene-2,3- 
dicarboximide groups of the crosslinker, diethylamine (40.2 mg, 0.55 mmol) 
(5 equivalents based on maximum N-hydroxy-5-norbornene-2,3-dicarboximide 
formed) was dissolved (quench solution) in tetrahydrofuran (20 ml), rinsed into the 
column (1 ml/min), the solution from the column outflow was rinsed into the 
column again for 5 h and then switched to tetrahydrofuran. After the baseline 
became constant, the pump was stopped, the column thermostat was set to 50°C 
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and this temperature was maintained for 30 min. The tetrahydfafuran was then 
additionally pumped at 1 ml/min until pure tetrahydrofuran was eluted. 
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Patent Claims 



1 . Process for the preparation of a polymeric network, in which 

5 (i) one or more polymers are made available which can be crosslinked 

with one another intramolecularly or intermolecularly or intra- and 
intermolecularly by covalent or non-covalent bonding, 

(ii) the conformation of at least one of the polymers is adapted to at least 

one template compound with obtainment of at least one preferred 

1 o conformation of the at least one polymer, 

(iii) at least one of the preferred conformations obtained according to (ii) is 

fixed by crosslinkage. 

2. Process according to Claim 1 , characterized in that the adaptation according 
15 to (ii) is carried out in the presence of at least one of the template 

compounds. 

3. Process according to Claim 1 or 2, characterized in that the adaptation of 
the conformation of the at least one polymer takes place in at least two 

2 0 steps. 

4. Process according to Claim 3, characterized in that after each step the 
preferred conformation obtained from this step is fixed by crosslinkage. 

25 5. Process according to Claim 3 or 4, characterized in that at least one step is 
carried out in the absence of the at least one template compound. 

6. Process according to one of Claims 1 to 5, characterized in that the 
polymeric network is prepared on at least one support material. 

30 

7. Process according to Claim 6, characterized in that the at least one polymer 
is applied to the at least one support material in layers in at least two 
successive steps. 

35 8. Process according to Claim 7, characterized in that the application in layers 
leads to a primarily crosslinked polymer network which has a conformation 
which is adapted to the at least one template compound in at least one 



1.1 illilii 
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further step in the presence of the at least one template compound and is 
fixed by crosslinkage. 



9. Polymeric network, preparable according to one of Claims 1 to 8. 

5 

10. Use of a polymeric network, preparable according to one of Claims 1 to 8, 
in substance separation processes, substance conversion processes, 
substance preparation processes, substance recognition processes or for the 
detection of signals. 
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Abstract 



Process for the preparation of a polymeric network, in which 
5 (i) one or more polymers are made available which can be crosslinked with 

one another intramolecularly or intermolecularly or intra- and 
intermolecularly by covalent or non-covalent bonding, 

(ii) the conformation of at least one of the polymers is adapted to at least one 
template compound with obtainment of at least one preferred 

1 o conformation of the at least one polymer, 

(iii) at least one of the preferred conformations obtained according to (ii) is 

fixed by crosslinkage. 
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Atty. Dkt. No. 077251-0103 

DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I HEREBY DECLARE: 

THAT my residence, post office address, and citizenship are as stated below next to my 

THAT I believe ! am the original, first, and sole inventor (if only one inventor is named 
below) or an original, first, and joint inventor (if plural inventors are named below or in an 
attached Declaration) of the subject matter which is claimed and for which a patent is sought 
on the invention entitled 

METHOD OF PRODUCING A POLYMER NETWORK 

(Attorney Docket No, 077251-0103) 

the specification of which (check one} 

is attached hereto. 

X was filed on November 26, 1999 as United States Application 
Number or PCT International Application Number PCT/EP99/Q9199 
and was amended on (if applicable). 

THAT I do not know and do not believe that the same invention was ever known or 
used by others in the United States of America, or was patented or described in any printed 
publication in any country, before I (we) invented it; 

THAT 1 do not know and do not believe that the same invention was patented or 
described in any printed publication in any country, or in public use or an sale in the United 
States of America, for more than one year prior to the fiiing date of this United States 
application; 

THAT I do not know and do not believe that the same invention was first patented or 
made the subject of an inventor's certificate that issued in any country foreign to the United 
States of America before the filing date of this United States application if the foreign 
application was filed by me (us), or by my (our) legal representatives or assigns, more than 
twelve months (six months for design patents) prior to the filing date of this United States 
application; 

THAT I have reviewed and understand the contents of the above-identified specification, 
including the claim(s), as amended by any amendment specifically referred to above; 

THAT 1 believe that the above-identified specification contains a written description of 
the invention, and of the manner and process of making and using it, in such full, clear, concise, 
and exact terms as to enable any person skilled in the art to which it pertains, or with which it 
is most nearly connected, to make and use the invention, and sets forth the best mode 
contemplated by me of carrying out the invention; and 

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, §1.56. 
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I HEREBY CLAIM foreign priority benefits under Title 35, United States Code §119(a)-(d) 
or § 365{b) of any foreign application(s) for patent or inventor's certificate, or 1365(a) of any 
PCT international application which designated at least one country other than the United States 
of America, listed below and have also identified below any foreign application for patent or 
inventor's certificate or of any PCT international application having a filing date before that of 
the application on which priority is claimed. 



Prior Foreign 
Application Number 


Country 


Foreign Filing Data 


Priority 
Claimed? 


Certified 

Copy 
Attached? 


19928236.6 


Germany 


06/21/1 999 


YES 




19855173.8 


Germany 


11/30/1998 


YES 















I HEREBY CLAIM the benefit under Title 35, United States Code § 1 19(e) of any United 
States provisional application(s) listed below. 



U.S. Provisional Applia 



I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any United 
States application(s), or § 365(c) of any PCT international application designating the United 
States of America, listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the 
manner provided by the first paragraph of Title 35, United States Code, § 11 2, I acknowledge 
the duty to disclose information which is material to patentability as defined in Title 37, Code of 
Federal Regulations, I 1 .56 which became available between the filing date of the prior 
application and the national or PCT international filing date of this application. 



U.S. Parent 
Application Number 


PCT Parent 
Application Number 


Filing Date 


Parent ' 
Patent Number 



























I HEREBY APPOINT the following registered attorneys and agents of the law firm of 
FOLEY & LARDNER: 



STEPHEN A. BENT 
DAVID A. BLUM ENTHAL 
BETH A. BURRO US 
ALAN 1. CANTOR 
WILLIAM T. ELLIS 
JOHN J. FELDHAUS 
MICHAEL D. KAMINSKI 
LYLE K. KIMMS 
KENNETH E. KROSIN 
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JOHNNY A KUMAR 




°" 




JACK LAHR 


Reg 







GLENN LAW 


Reg 


hi 


— 


PETER G. MACK 


Reg. 


No. 


jj.tSQ ' — 


STEPHEN B. MAEBIUS 






J3JL2S4 — 


BRIAN J. MC NAMA'RA 


Reg 


No 


32,789 


SYBIL MELOY 


Reg. 


No. 


22,749 


RICHARD C. PEET 


Reg 


No. 




GEORGE E. QUILLIN 


Reg. 


No. 




ANDREW E. RAWLINS 


Reg. 


No. 




BERNHAHO D. SAXE 


Reg. 


No. 


28^665__ 


CHARLES P. SCHILL 


Reg. 


No. 




RICHARD L. SCHWAAB 


Reg. 


No. 




MICHELE M. SIM KIN 


Reg. 


No. 




HAROLD C. WEGNER 


Reg. 


No. 


25,258 



to have full power to prosecute this application and any continuations, divisions, reissues, and 
reexaminations thereof, to receive the patent, and to transact all business in the United States 
Patent and Trademark Office connected therewith. 

1 request that all correspondence be directed to: 

Richard C. Peet 
FOLEY & LARDNER 
Washington-Harbour 

_ ^Washington. D.C. 200 07-5109 

Telephone: {202) 672-5483 
Facsimile: (202) 672-5399 



I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed by me 
to prosecute this application do not personally represent me or my legal interests, but instead 
represent the interests of the legal owner<si of the invention described in this application. 

I FURTHER DECLARE THAT all statements made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

A^?ame of first inventor Klaus GOTTSCHALJL_ 



Residence ^Jjeddesheim, Fed. Republic of Germany 

Citizenship German 
Post Office Address 



Schulstrasse 18 

68542 Heddesheim, Fed. Republic of Germany 

Inventor's signature 
Date 
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VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
(37 CFR 1.9(f) AND 1.27 (c)) — SMALL BUSINESS CONCERN 

I hereby declare that I am 

( ) the owner of the small business concern identified below: 
( ) an official of the small business concern empowered to act on behalf of the 
concern identified below: 

NAME OF CONCERN Dr. Gottschall Instruction Gesellschaft fur technische 

Chromatographic mbH 
ADDRESS OF CONCERN Donnersbergweg 1 

67059 Ludwigshafen, Fed. Republic of Germany 

I hereby declare that the above-identified small business concern qualifies as a small 
business concern as defined in 13 CFR 121.3-18 and reproduced in 37 CFR 1.9(d), for 
purposes of paying reduced fees under section 41(a) and (b) of Title 35, United States 
Code, in that the number of employees of the concern, including those of its affiliates, does 
not exceed 500 persons. For purposes of this statement, (1) the number of employees of 
the business concern is the average over the previous fiscal year of the concern of the 
persons employed on a full-time, part-time or temporary basis during each of the pay 
periods of the fiscal year, and (2) concerns are affiliates of each other when either, directly 
or indirectly, one concern controls or has the power to control the other, or a third party or 
parties controls or has the power to control both. 

I hereby declare that rights under contract or law have been conveyed to and remain with 
the small business concern identified above with regard to the invention, entitled METHOD 
OF PRODUCING A POLYMER NETWORK by inventor(s) Dr. Klaus GOTTSCHALL 
described in 

( )the specification filed herewith 

(X)application serial no.: PCT/EP99/09199 , filed; November 26. 1999 

Opatentno. , issued: 

If the rights held by the above-identified small business concern are not exclusive, each 
individual, concern or organization having rights to the invention is listed below* and no 
rights to the invention are held by any person, other than the inventor, who would not 
qualify as an independent inventor under 37 CFR 1.9(c) if that person made the invention, 
or by aay concern which would not qualify as a small business concern under 37 CFR 
1.9(d) or a nonprofit organization under 37 CFR 1.9(e). * NOTE; Separate verified 
statements are required from each named person, concern or organization having rights to 
the invention averring to their status as small entities: (37 CFR 1 .27) 
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NAME: 



ADDRESS: 



() INDIVIDUAL () SMALL BUSINESS CONCERN () NONPROFIT 
CORPORATION 



NAME: 



ADDRESS: 

() INDIVIDUAL () SMALL BUSINESS CONCERN () NONPROFIT 
CORPORATION 

I acknowledge the duty to file, in this application or patent, notification of any change in 
status resulting in loss of entitlement to small entity status prior to paying, or at the time of 
paying, the earliest of the issue fee or any maintenance fee due after the date on which 
status as a small entity is no longer appropriate: (37 CFR 1.28(b)). 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which this verified statement is 
directed. 



E,QF PERSON SIGNING: , . 
TITLE OF PERSON OTHER THAN OWNER: 

, ^ 

ADDRESS OF PERSON SIGNING: / ^^~hr?J(^y> V 

SIGNATURE: " fll ^ \*l/U l ^_. % DATE: Sty. 0*,Z *0- 7 
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